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Mere change is not growth.  
Growth is the synthesis of change and continuity,  
And where there is no continuity, 
There is no growth.  
(C.S. Lewis). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
EXECUTIVE SUMMARY 
 
The work presented in this thesis is concerned with the evaluation of potential synthetic 
routes for the diacylhydrazine group of compounds, and particularly, unsymmetrical 
diacylhydrazines.  
 
Diacylhydrazines form the basis for a relatively new group of insecticides that have molt 
accelerating properties, and which are considered to offer substantial advantages over 
other insecticides used for the control of certain insects.  
 
The overall objective for this study is to evaluate different potential synthetic routes for a 
model diacylhydrazine with the view to define potentially scaleable routes. The 
compound selected for this study was the unsymmetrical diacylhydrazine, N-[N-(tert-
butyl)phenylcarbonylamino](4-methylphenyl)-carboxamide since it offers the same range 
of challenges that would be expected for the synthesis of other similar unsymmetrical 
diacylhydrazines.  Thus, the synthesis of unsymmetrical diacylhydrazines require two 
reaction steps: The first step is the synthesis of the intermediate mono-acylhydrazine, 
while the second step is the synthesis of the desired diacylhydrazine from the 
intermediate mono-acylhydrazine. 
 
The most important factor in the two-step reaction sequence is to obtain a high degree of 
selectivity for the desired mono-acylhydrazine isomer.  
 
Acylation of t-butylhydrazine using 4-methylbenzoyl chloride can produce the desired 
product N-[(tert-butyl)amino](4-methylphenyl)carboxamide in yields above 90%, but this 
reaction produces a variety of by-products, including the “wrong” isomer (N-amino-N-
(tert-butyl)(4-methylphenyl)carboximide). Unexpected byproducts for this particular 
acylation reaction, not previously reported in the literature have also been identified 
during this investigation.  This includes a de-butylated diacylhydrazine, (4-methylphenyl)-
N-[(4-methylphenyl)carbonyl-  
amino] carboxamide. 
 
Although the reaction between tert-butylhydrazine and 4-methylbenzaldehyde is very 
selective giving near quantitative yields of the desired hydrazone, the subsequent 
conversion of the hydrazone into the desired mono-acylhydrazine is problematic. The 
most promising route appears via bromination to form the hydrazidic bromide, followed 
by hydrolysis of the hydrazidic bromide. Yields for the bromination reaction during this 
  
investigation were somewhat higher than that reported previously in literature. Hydrolysis 
of the hydrazidic bromide, apparently also results in the hydrolysis of the reaction product 
to give an ester of the free acid (when an ester solvent is used).  
 
The synthesis of N-[N-(tert-butyl)phenylcarbonylamino](4-methyl phenyl)carboxamide 
was only briefly considered to evaluate essentially two approaches, namely: 
• The conversion of the monoacylhydrazine, N-[(tert-butyl)amino](4-
methylphenyl)carboxamide, by acylating with either benzoyl chloride or 
methylbenzoate (gave 86% N-[N-(tert-butyl)phenylcarbonylamino](4-methyl 
phenyl)carboxamide when benzoyl chloride was used as acylating agent); and 
• The one-pot conversion of the hydrazone, [(1E)-2-(4-methylphenyl)-1-
azavinyl](tert-butyl)]amine, by bromination/hydrolysis and acylation. In this case, 
benzoyl chloride (2% N-[N-(tert-butyl)phenylcarbonylamino](4-methyl 
phenyl)carboxamide), benzoic acid (80.67% N-[N-(tert-
butyl)phenylcarbonylamino](4-methylphenyl)carboxamide) were evaluated as 
potential acylating agents. 
 
Keywords: Insecticides, molt accelerating compounds, diacylhydrazine, 
monoacylhydrazine, and hydrazone  
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CHAPTER 1 
 
INTRODUCTION 
 
1 Background and motivation for study 
1.1 History of diacylhydrazines as molt accelerating compounds (MAC) 
 
MAC technology is a new class of insecticides that is based on the diacylhydrazine group 
of chemical compounds [1]: 
 
 
 
 
                                                                                       [1]  
 
 
where: 
R1 and R2 = An alkyl, aromatic or fused poly-aromatic ring that may also contain further 
C1 - C4 alkyl substituents, or a halogen, cyano, or an alkoxy carbonyl group. 
R3 and R4 = A hydrogen atom or a linear (C1 – C4) or branched alkyl (C3 – C10) group, or 
a cycloalkyl group. 
 
The diacylhydrazine compounds impact on the biochemical processes of molting and 
metamorphosis and as such they may be viewed as an “Insect Growth Regulator” (IGR).  
Rohm and Haas discovered this insecticide effect of diacylhydrazines in 19831-5 and 
since then several individual diacylhydrazine compounds has been registered and 
commercialised as insecticides: Tebufenozide (N-[N-(tert-butyl)(3-methox-2-
methylphenyl)  carbonylamino](4-ethylphenyl)carboxamide) [2] (marketed under the 
brand name Confirm) was discovered in 1986, methoxyfenozide (N-[N-(tert-butyl)( 3-
methox-2-methylphenyl)carbonylamino](4-methoxyphenyl)carboxamide) [3] in 1990 and 
halofenozide (N-[N-(tert-butyl)(3-methox-2-methylphenyl)carbonylamino](4-chlorophenyl) 
carboxamide) [4] in 1991.  These compounds exhibit ovicidal activity and are very 
selective to lepidoptera. 
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Confirm was the first so-called “reduced-risk” insecticide to be marketed commercially.  
The term “reduced-risk” describes these pesticides as having one or more of the 
following advantages over existing products:  Their impact on human health is 
considerably lower; toxicity to non-target organisms such as birds, fish and plants is 
low,;ground water contamination potential is minimal and the rates of use are reduced.  
In addition, pest resistance potential is lowered and they are highly compatible with 
integrated pest management practices.6  
 
Confirm was the first insect growth regulator with molt accelerating properties.  These 
materials are ecdysone agonists that cause premature lethal molt.  They are ingestion 
toxicants with little or no contact activity.  Pests stop feeding when the materials are 
consumed by the target pests during their normal feeding activity on treated plants.  The 
metabolic breakdown of these materials is very slow, and at very low concentrations, 
they inhibit cuticle synthesis.  
  
MAC’s are the only IGR’s that are not cross-resistant with any other mode of action, 
making them a valuable tool in integrated pest management (IPM) programs.  The 
problem of cross-resistance can be described as, and manifests when insects resistant 
to one insecticide are also resistant to others with which previously they have never been 
in contact.  This is the problem of cross-resistance.  This phenomenon occurs between 
insecticides with similar modes of action.  This has been described as an indirect 
correlation, the relationship being with the specificity of the resistance mechanism, not 
with the mode of action.7  MAC’s are faster acting than other IGR’s and halt feeding 
within hours.  They are highly active on larvae if the compound is ingested, and have 
ovicidal activity on Lepidoptera eggs. 
 
These materials are safe to workers, handlers, applicators and consumers.  In addition, 
their value in IPM programs is enhanced by the fact that they don’t harm pollinators, e.g. 
the lady beetle, honey bees, parasitic wasps, predatory bugs, earthworms, flies, beetles 
and predatory arthropods.  Fish, birds and natural enemies are not harmed.   
 
The EPA classified MAC’s as reduced-risk compounds, and they are thus an 
organophosphate alternative.  In 1998, Rohm and Haas Co. were awarded the 
Presidential Green Chemistry Award in Washington D.C. for the development of this 
new, more environmentally friendly family of pesticides.  This group is chemically, 
biologically and mechanistically novel. Pests are controlled without posing a significant 
risk to the applicator, the consumer or the ecosystem.  Several older less effective, more 
hazardous insecticides can thus be replaced.8-19 
 
1.2 Concerns over resistance 
Resistance is defined as a reduction in the sensitivity of an insect population, which is 
reflected in repeated failure of a product to achieve the expected level of control when 
used according to the recommended level for that pest species and where problems of 
product storage, application and unusual climatic or environmental conditions can be 
eliminated.  Resistance to insecticides was first documented in 1914 by A.L. Melander in 
the Journal of Economic Entomology.20  He described scale insects, still alive, under a 
“crust of dried spray” of an inorganic insecticide.  Between 1914 and 1946, another 11 
cases of resistance to inorganic pesticides were recorded.  With the development of 
organic insecticides, such as DDT, the agricultural industry breathed a sigh of relief, 
believing that insecticide resistance was an issue of the past.  Unfortunately, that 
optimism quickly faded, since by 1947, housefly resistance to DDT had been 
  
documented. With every new insecticide introduction—cyclodienes, carbamates, 
formamidines, organophosphates, pyrethroids, even Bacillus thuringiensis—cases of 
resistance surfaced two to twenty years later.21   
 
Genetics and intensive application rates of pesticides are thought to be responsible for 
the quick build-up of resistance in most insects.  Natural selection by an insecticide 
allows some insects with resistant genes to survive and pass the resistant trait on to their 
offspring. The percentage of resistant insects in a population continues to multiply while 
susceptible insects are eliminated by the insecticide.  Eventually, resistant insects 
outnumber susceptible ones and the pesticide becomes ineffective. 21 
 
The speed at which resistance develops depends on a range of factors. These may 
include the insect’s reproduction rate, migration patterns or host range, persistency and 
specificity of the crop’s protection product, and the rate, timing and number of insecticide 
applications made.  The fastest increases of resistance occur in places such as 
greenhouses, where insects reproduce quickly, virtually no migration occurs, and the 
grower usually applies pesticides frequently.21 
 
There are several ways by which insects can become resistant to crop protection 
products, and often more than one of these mechanisms is at play. These include; 
• Behavioural resistance, which occurs when the insect detects or recognises a 
danger and avoids the toxin.   
• Penetration resistance, which occurs when the insect absorbs the toxin at a 
slower rate than more susceptible insects.   
• Metabolic resistance, which occurs when the insect naturally detoxifies or 
destroys the toxin, or alternatively quickly rids its body of the poison.   
• Lastly, altered target-site resistance, which occurs when the site where the toxin 
usually binds in the insect is genetically modified to reduce the product’s effects.22 
 
Pesticide products that result in significant selection pressure between individuals of the 
same species will promote resistance development among pest insects. Consequently, 
proactive resistance management programs must be instituted against pests that are 
especially at risk, such as the coddling moth, oblique banded leafroller, tea tortix and 
beet armyworm.  For example, the frequency of resistant individuals can be decreased 
by reducing the selection pressure, for example by using insecticides with differing 
modes of action in alternating planting seasons.   In addition, those environments that 
are conducive to resistance development must be targeted, for example greenhouses, 
  
tropical and irrigated desert fields.  For new pesticide products, baseline data can be 
collected before the material is launched, and after introduction the populations can be 
tracked every two to three years and evaluated for sensitivity to resistance build-up.22 
 
Interestingly, there has been little correlation between Confirm and Intrepid tolerance in 
the populations tested so far, indicating something other than a site-of-action insensitivity 
mechanism operating in the field.  There was also no correlation between the sensitivity 
to organophosphates and MAC’s.  There have been reports of field activity problems on 
coddling moth in Southern France.   These strains were tolerant 2- to 11-fold, a level that 
falls within the normal baseline susceptibility.  In Thailand, due to the cultural practices of 
growing cabbage in a tropical climate on raised overhead-irrigated beds to cool them, 
Tebufenozide, sold for two years against the beet armyworm, had to be pulled from the 
market due to lack of efficacy.  Beet armyworm strains were found to be 30 times tolerant 
in diet incorporation, and 164 times tolerant in leaf dip tests.  Methoxyfenozide showed 
47 times and 102 times tolerance in these two tests respectively.   
 
The strategy of the commercial companies marketing these new insecticides is to 
preserve MAC’s as long as they can.  One strategy makes use of labelling instructions 
which prohibits the treatment of more than two to three successive generations of insect.  
The ownership of resistance management programs is in the hands of business units 
thereby limiting market share.  Factors that could further promote the preservation of 
MAC’s are practices which include rotation with other materials, limited application 
windows and reduced market supply.  Fundamentally, MAC’s are excellent insect 
resistance management tools.22 
1.3 Resistance management  
It has been estimated that insecticide resistance in the United States adds $40 million to 
total insecticide costs which includes additional treatment and alternative controls. Better 
management of pesticides by farmers and the crop experts assisting them could reduce 
this expense and lead to more effective and efficient use of insecticide products. 21 
 
Regulations have not been cost effective in delaying resistance. Until the recent advent 
of legislation, regulators have had little to guide their facilitations on the debate of 
resistance management. Some cost-effective regulations include patent and variety 
protection and safety regulation.  However, resistance management itself, does not lend 
itself easily amenable to regulations.  In 1991, the European Union proposed a 
resistance risk evaluation and mitigation program that was fully in place in 2000.  After 
  
transgenics arrived in 1995, there was a realization that constant expression would lead 
to rapid resistance amongst insects.  Consequently, “Event 176” was conditionally 
registered on 8 Aug 1995.  It contained a resistance reporting system and required a final 
resistant management plan by 1998.  The EPA Scientific Advisory Panel adopted the 
plan in September 1998.  The main concern was adopting rigid programs that require a 
change in law to modify policing of compliance by industry and require basic research on 
pest biology as a condition of registration.   
 
The NAFTA Uniform Labelling Initiative is an example of beneficial regulation.  This 
involves enhanced labelling with recognition of the mode of action for resistance 
management.  The EU guidelines for resistance management involve laboratory and field 
studies, and where there is a risk of resistance the focus shifts to sensitivity and 
management strategies.  With the regulatory debate continuing, farmers are calling for 
simple, cost effective resistance-management plans.22  
1.4 Need for access to different heterocyclic acyl hydrazines  
All effective insecticide resistance management (IRM) strategies seek to minimize the 
development of resistance for any one type of insecticide.  In practice, alternations, 
sequences or rotations of compounds from groups with different modes of action provide 
a sustainable and effective approach to IRM.  This ensures that selection from 
compounds in the same mode-of-action group is minimized.  A sound basis is needed to 
implement season-long, sustainable resistance management through the effective use of 
sequences of insecticides with different modes of action.21 
  
In addition to the above, there is also a need for more insecticides with similar modes-of-
action but with different chemical makeup and effectiveness for differing species of 
insects to allow a larger spectrum of toxins to be used in IRM’s for different species of 
insects without increasing the chances of resistance because of persistent use of only 
one kind of compound.  This is particularly true for diacylhydrazines where there is a 
potentially large number of compounds that may be used on a wide variety of different 
insect pests.   
 
1.5 Need for effective synthetic routes 
In order to achieve the above objective of having available a variety of structurally 
different compounds to achieve differing objectives within a given IRM, commercially 
viable access to efficient synthetic routes for such structurally related compounds are 
required. While the group of diacylhydrazine compounds may be structurally similar, 
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strategies for the synthesis of differing compounds within this class may differ widely 
depending upon,  inter alia: 
• The nature of substitution on the groups R1 and R2 in (I); and 
• The nature of the substituents on the hydrazine group (R3 and R4) in (I).  
 
1.6 Objectives of study 
Diacylhydrazines form the basis for a relatively new group of insecticides that have molt 
accelerating properties. These are considered to offer substantial advantages over other 
insecticides used for the control of certain insects. As in the case of other insecticides, 
there is the potential threat that certain insect species may develop resistance towards 
this new group of insecticides, and manufacturers have embarked on specific programs 
to extend the useful lifetime of this group of insecticides. 
 
In view of the above considerations, this work was aimed at investigating a potential 
technical synthetic route of diacylhydrazine compounds using N-[N-(tert-
butyl)phenylcarbonyl amino](4-methylphenyl)carboxamide [5] as model compound with 
the view to: 
• Define strategies to maximise selectivity for the desired regio-isomer when using 
a hydrazine substituted on one nitrogen atom only; 
• Decrease the amount of problematic waste by evaluating the use of differing 
reagents to carry out the hydrazine and hydrazide acylation reactions; and 
• Increase the overall efficiency of synthetic procedures by evaluating differing 
technologies for the synthetic steps. 
 
 
 
   
   [5] 
 
 
The most important factor in the two-step reaction sequence is to obtain a high degree of 
selectivity for the desired mono-acylhydrazine isomer. This can be achieved by acylation 
of t-butylhydrazine using methyl 4-methyl benzoyl chloride to produce the desired 
product N-[(tert-butyl)amino](4-methylphenyl)carboxamide [25], but the “wrong isomer” 
N-amino-N-(tert-butyl)(4-methylphenyl)carboxamide [26] can also been produced. During 
this investigation other acylating agents will be investigated such as the methyl 4-
  
methylbenzoate and methyl 4-methylbenzaldehyde to obtain the desired isomer in high 
selectivities. This will then be followed by a second acylation step to produce the finial 
product  N-[N-(tert-butyl)phenylcarbonyl amino](4-methylphenyl)carboxamide [5]. 
1.7 The importance of the agricultural industry 
Today the world’s population is approximately six billion, and as it continues to grow, the 
need for more and more food compounds will increase. There are a number of factors 
that need to be taken into account when considering how to keep up with the increase in 
food demand.  For example, the use of arable land available for the production of food 
crops needs to be controlled such that the destruction of forests, wetlands and 
mangroves are kept at a minimum.  Also, farm productivity must be improved by 
reducing losses experienced during crop and post harvest cycles. These and other 
factors contribute to a major challenge.  Important tools that have proven to be selective 
for the control of pests and weeds in crops are agrochemicals.  These chemicals need to 
be deployed judiciously, and new and improved compounds should be developed that 
have a reduced impact on water supplies and food quality.  Presently, it is believed that 
more than a third of farm output is lost due to ineffective pest control. 
 
The agrochemical industry has the responsibility of using the power of science and 
technology to provide the world’s population with sufficient food that has increased 
nutritional value.23 
 
1.8 History and overview of pest management 
The history of pest management dates as far back as 8000BC, right to the beginning of 
agriculture as such.  From that point in time to the present day, methods of pest control 
have been influenced by several events, eventually leading to the modern Integrated 
Pest Management (IPM) Systems. An IPM system involves, for a certain environment 
and population dynamic of a pest species, suitable techniques and methods to be used 
in a compatible manner to maintain pest population levels below those causing economic 
crop injury.24-27  
 
The first recorded use of an insecticide was in 2500BC when the Sumerians used 
sulphur compounds to control insects and mites.  The Chinese were using mercury and 
arsenical compounds to control body lice as early as 1200BC.  Manipulations of planting 
dates were first practiced as early as 1500BC.  The Shang Dynasty (1523-1027BC) 
described burning as an effective method for controlling migrating locusts.  Oil sprays 
were advocated as a pest control application in Rome in 120BC. 21-23  
  
 
The first recorded use of biological controls (use of a pest enemy) was in China and 
Yemen (300AD).  Predatory ants were set up in citrus groves to control caterpillar and 
beetle pests by placing bamboo bridges between trees for the ants to move from tree to 
tree.  Date growers in Arabia used a similar technique to control phytophagous ants.25  In 
400AD, Ko Hung, an alchemist at that time, recommended a root application of white 
arsenic when transplanting rice to protect against insect pests.23  
 
On a lighter note, the frustrations related to the desperation of keeping bugs out of food 
crops even influenced religious expectations.  Two bizarre accounts can be mentioned.  
Firstly, in Switzerland (Berne, 1476), cut worms were taken to court, pronounced guilty, 
excommunicated by the Archbishop and then banished.23 Secondly, the High Vicar of 
Valence commanded caterpillars to appear before him; he gave them a defence council 
and finally condemned them to leave the area.25-26  This only amplifies the lack of 
understanding of the causes of pest problems at that time.  It may be debatable as to 
whether insect pests still have the same effect on the psyche of today’s agricultural pest 
control giants.25 
The genetic resistance of some individual plants with higher disease susceptibility was 
first noticed by Theophrastus (3BC). This meant that several generations of selections 
allowed sustainable levels of crop yields.  By 500BC, most of the pest control methods 
used today were already being utilized by one civilization or another, e.g. insecticides, 
host plant resistance, biological control and cultural control.25 
 
With the agricultural revolution in Europe, 1750-1880AD, it became even more 
necessary to facilitate crop protection to promote international trade.  This change to 
commercial agriculture changed farmers’ attitudes to pest control.  Cash investments and 
loans were needed, meaning that yield losses posed by insect pests needed to be 
controlled. Consequently, the standards for acceptable pest control were raised as the 
associated risk increased.  This attitude provided an ideal gap in the marketplace for 
chemical insecticides that could give reliable and demonstrable levels of insect control at 
a relatively low cost.25 
 
Plant-derived insecticides, e.g. nicotine, rotenone, veratrines and pyrethrum, have been 
used since antiquity.  However, the most significant development of toxic substances for 
insect control came in 1865 when the dye, Paris Green, was used as an arsenical 
stomach poison for chewing insects such as the Colorado beetle in the U.S.  The 
improved arsenical pesticide, lead arsenate, was used in 1892 to control the gypsy moth, 
  
and calcium arsenate was used to control cotton insects in 1907.  These two poisons 
became the most popular insecticides available in a commercial capacity during the early 
twentieth century.28 
 
Their major disadvantage was the high level of toxicity to humans and domestic animals, 
considerable phytotoxicity to plants and extreme environmental persistence, bearing in 
mind it was only effective for controlling chewing insects.  Cryolite was introduced in 
1928 as an alternative because of growing concerns about toxic arsenical residues on 
fruit and vegetables.29-31   
 
DDT (dichlorodiphenyltrichloroethane) was first synthesized by O. Zeidler in 1874, and 
later by P. Müller for Geigy Chemical Company as an insecticide.  Its development in 
1939 sparked the start of a boom in the era of chemical pest control.  Hundreds of 
thousands of organic chemicals and insecticides have been synthesised since.  The 
World Health Organisation saw DDT as the answer to the global scourge of malaria, 
plague, typhus, yellow fever and other World War II diseases .  The general idea was to 
spray all human dwellings, where malaria transmission occurred, at a level of 1g/m2 with 
DDT.  DDT offered advantages such as soil persistence (one year), low cost, no plant 
damage, broad-spectrum activity (lost only when covered by oils or grease) and low 
acute mammalian toxicity.  It is insoluble in water, has a low vapour pressure and is 
resistant to destruction by light and oxidation. 
 
The success of DDT stimulated the search for other organochlorine compounds, e.g. 
aldrin, HCH, endrin, dieldrin, lindane, heptachlor, toxaphene, chlordane, benzene 
hexachloride, cyclodienes, chlorinated camphenes, carbamates and organophosphorous 
insecticides.  DDT rapidly replaced the arsenicals that were the primary tools in crop 
protection. 
 
By 1975, more than 300 chemical compounds were marketed as insecticides in the U.S., 
with an annual production of 302 000t and a value of $765 324 000.  Also, 60% of the 
insecticides produced worldwide at that time were used in the U.S.25,32  The unusual 
stability of DDT produced problems in that it was actually too soil persistent (2.5-10yrs).  
Environmental concerns were thus posed by the bioaccumulation of DDT from water to 
fish at levels >1000 000 ppm; this then transported through food chains and caused 
ubiquitous tissue storage in humans and animals.  As recently as 1966, organochlorines 
accounted for 60% of farm insecticides, but this usage dropped to 46% in 1971 and then 
to 29% in 1976.32  Due to their accumulation in the environment and in humans their use 
  
was prohibited in many industrialized countries during the 1970’s.   The US banned the 
use of DDT in 1972.33  Today pyrethroids are amongst the most frequently used 
pesticides.34  DDT is still effectively used for malaria control in several third world 
countries.35  South Africa made use of DDT up until the 1990’s and has since switched to 
pyrethroids.36 
 
1.9 Modern pest management practices  
Prevention is the ultimate strategy to avoid insecticide resistance.  Specialists are 
recommending insecticide resistance management programs as one part of a larger 
integrated pest management (IPM) approach that involves, inter alia:   
 
The monitoring of pests:  Farmers should follow the progression of insect population 
development in their fields with the assistance of a crop consultant to determine if and 
when control measures are warranted.  The monitoring of natural enemies should also 
be considered when making control decisions.  This process of monitoring to assess pest 
populations and the need for control measures should continue after implementing 
treatment measures.   
 
By focussing on economic thresholds:  Insecticides should only be used if insects are 
numerous enough to cause economic losses that exceed the cost of the insecticide and 
the application.  Farmers are encouraged to consult their local advisors about economic 
thresholds of target pests in their area. 
 
By taking an integrated approach to managing pests:  This would require the 
incorporation of as many different control mechanisms as possible for a particular pest.  
IPM-based programs may include the use of synthetic insecticides, biological 
insecticides, beneficial arthropods (predators/parasites), cultural practices, transgenic 
plants, crop rotation, pest-resistant crop varieties and chemical attractants or deterrents.  
Farmers should also consider the impact that any one or more of these practices will 
have on future pest populations. The use of broad-spectrum insecticides should be 
avoided when specific toxins are available. 
 
By timing applications correctly:  Insecticide and miticide applications should coincide 
with the most vulnerable life stage of the pest.  Spray rates and application intervals 
recommended by the manufacturer should be implemented as accurately as practically 
possible. 
  
 
By mixing and applying carefully: The margin for error in terms of insecticide dose, 
timing, coverage, etc., becomes more and more important as resistance increases.  The 
pH of the water used to dilute some insecticides in tank mixes should be adjusted to 6 – 
8.  For aerial application, the swath widths should be permanently marked.  Sprayer 
nozzles must be checked regularly for wear and blockage operating at good pressures 
for adequate coverage.   
 
By alternating different insecticide classes:  The repeated use of the same 
insecticide or related products in the same class for the same insect pest should be 
minimised by rotating insecticides across all available classes to slow resistance 
development.   
 
By protecting beneficial arthropods:  Natural enemies can be maintained by applying 
insecticides in-furrow at planting, or in a band rather than broadcasting.   
 
By preserving susceptible genes:  A haven for susceptible insects, such as unsprayed 
areas, should be created as these insects may compete and interbreed with resistant 
individuals, diluting the impact of resistance. 
 
Crop residue options:  Destroying crop residue can deprive insects of food and 
overwintering sites.  This cultural practice will kill pesticide-resistant pests in addition to 
the susceptible ones and prevent resistant offspring in the next season. Soil conservation 
requirements should be reviewed before implementing this option.21 
 
The reduced-risk process accelerates the registration of lower-risk products by 
comparing new products with all the existing alternatives in a jury process; for example, it 
may take 10 years and over $40 million to develop a new pesticide tool.  The categories 
considered include reduced risk for human health, non-targets, groundwater or surface 
water pollution, and environmental residual.  The number of reduced risk pesticides have 
been growing since the program began in 1993. This was helped by the 
organophosphate alternative category added in 1998 following the passage of the Food 
Quality Protection Act (FQPA). Since 1994, 34 materials have been designated as 
“Reduced-risk,” including eight in 2001.  EPA sees the program’s purpose to broaden the 
adoption of integrated pest management (IPM) and to significantly reduce risk through 
replacing those that pose greater risk with alternative products.   
 
  
1.10  Public awareness and regulatory pressures 
A Library of Congress study in 1980 stated that “…some of the pesticides…are so long 
lasting and so pervasive in the environment that virtually the entire human population of 
the nation, and indeed the world, carries some body burden of one or several of them.” 37 
 
The first report of resistance to DDT concerned that of houseflies in Sweden (1946).  By 
the 1950’s and 1960’s, there was a widespread resistance to DDT, and so other 
pesticides became more prevalent.   
 
Today more than 504 insect species are known to be resistant to at least one formulation 
of insecticide, and at least 17 species of insects are resistant to all major classes of 
insecticides.  As much as 150 kinds of fungi are resistant to nearly all fungicides, and 
there are 5 kinds of rats that are known to be resistant to the chemicals used against 
them.  Resistance to herbicides have been documented in over 100 weed biotypes and 
84 species.  Note that there is only 1000 recognized pest species.25 
 
In 1962, Rachel Carson published a book entitled “Silent Spring”.  It was not important in 
view of its technical content but rather its impact on the general public.  She highlighted 
the problems associated with chemical insecticide use, and stimulated public debate 
around environmental concerns.  This encouraged the development of alternative 
approaches, for example, by making use of insect pheromones.   
 
1.11 Regulatory pressures  
The concept of IPM’s in the 1960’s encouraged restrictions on excessive pesticide use 
and the employment of alternative controls such as biological and bio-pesticides.  
University scientists and private industry developed projects that transcended 
disciplinary, organizational, political, geographical and crop specialisation barriers that 
had inhibited collaborative efforts between scientific disciplines.  IPM training amongst 
farmers entailed the understanding of interactions between natural enemies and 
pest/prey hosts so as to preserve the balance between pest and natural enemy numbers.  
DDT was banned in the 1970’s.  In 1992 (the United Nations Conference on Environment 
and Development, Agenda 21, Rio de Janerio), the world’s Heads of state endorsed IPM 
as a sustainable approach to pest management. 25,26, 28, 38     
 
In 1976, it was noted that the “Regulation of pesticide use by the Federal Government in 
the USA was critically dependent on the safety testing data submitted by the firms that 
  
manufacture and market pesticides” by the Senate Subcommittee on Administrative 
Practice and Procedure.25 Instead, more acutely toxic organophosphorus compounds 
were used from 1976.  They were, however, more biodegradable and thus afforded less 
residue problems, but the pesticide users themselves were exposed to acute health 
hazards.  Since 1972, the use of DDT, aldrin, chlorodane and heptachlor has been 
greatly curtailed by federal environmental restrictions, and the production of methyl 
parathion, carbaryl, carbofuran and methomyl has subsequently increased. 32,39 
 
1.12 Major classes of insecticides 
An insecticide is any toxic substance used to control insects that cause economic 
damage or are dangerous to the health of domestic animals or man.  Insecticides kill 
pests by ingestion (stomach poisons), inhalation (fumigants), penetration of the body 
covering (contact poisons), or by dehydration (sorptive dusts). 40-42 
 
The most widely used groups of synthetic organic insecticides are listed below:   
 
a) Chlorinated hydrocarbons (organochlorines) 
b) Organophosphates (organophosphorus insecticides) 
c) Carbamates 
d) Pyrethroids 
e) Acaricides 
f) Nicotine 
g) Rotenoids 
h) Formamidines 
i)     Thiocyanates and isothiocyanates 
j)             Dinitrophenols 
k) Benzene hexachloride 
l)             Cyclodiene insecticides 
m) Dichlorodiphenyl trichloroethane 
n) Insect Growth Regulators (IGR’s) 
o) Molt-accelerating compounds 
p) Miscellaneous insecticides (e.g. phenothiazine, tetranitrocarbazole, 
Valone, chlorinated p-chloroethylbenzene, fluoroalcohols, Ryanodine, 
Sabadilla, Hellebore and N-isobutylamides) 
 
(Only those underlined in the list above are discussed in greater detail here.) 
 
  
For the year 2000, it was estimated that the global sales revenue of the agrochemical 
industry amounted to US$ 30 billion.  Insecticides made up US$ 8 billion of this.  Global 
distribution of these revenues shows that North America had 27.2%, the Far East 26%, 
Europe 25.5%, Latin America 14.8%, and the rest of the world 6.5% of the global sales. 
 
1.13.1 Organochlorines 
Organochlorines accumulate and persist in the body fat of mammals.  When the fat is 
broken down during periods of food shortage, sufficient amounts of such chemicals can 
be released into the blood stream to cause death.  Most developed countries have 
banned organochorine insecticide use (Jan 1973).  However, in developing countries, 
these are still the cheapest chemicals available and are still in use to control the insect 
vectors of malaria and typhus.  
 
Organochlorines are the oldest major insecticide class, being the first widely used 
synthetic organic insecticide.  They all contain chlorine, hydrogen, carbon and, 
occasionally, oxygen and sulphur.  Examples include DDT, DDE, aldrin, dieldrin, 
heptachlor, endosulfan, TDE, HCH, lindane, chloro-cyclodienes and polychloroterpenes.   
Methoxychlor, a compound related to DDT, is not stored in fatty tissues and was 
therefore used as an alternative.43-46  DDT [6] has a specific insecticidal action that 
affects the sensory organs of insects to produce violent strains of impulses that cause 
tremors and convulsions.  Metabolic exhaustion induces paralysis or renders the insect 
incapable of co-ordinated movement, eventually resulting in death.47,48 
 
[6] 
 
 
1.13.2 Organophosphates 
There are two reports as to where and by whom organophosphate insecticides were first 
discovered, the one being more descriptive than the other.  According to the 
Encyclopaedia of Chemical Technology,  Insect Control Technology, Kirk-Othmer 3rd 
Ed,49 the discovery in 1932 of the biological activity of organophosphate esters began 
with the chance observation that exposure to the vapour of diethyl phoshorofluoridate 
(C2H5O)2P(O)F produced strong cholinergic effects in humans.  Gerhard Schrader 
developed this class of compounds as insecticides in 1937 and devised tetraethyl 
pyrophosphate (TEPP) as a substitute for nicotine.  His research led to the development 
CH
CCl3
ClCl
  
of related toxic compounds, the “nerve gases” tabum (dimethyl 
phosphoroamidocyanidate) and sarin (isopropyl methylphosphorofloridate).  Wartime 
secrecy ensured that this development only became evident in 1946.   
 
These organophosphorus insecticides are biodegradable because of their chemical 
reactivity, especially through the formation of phosphate ester bonds.  Problems related 
to bioaccumulation and food chain transfer therefore do not exist.  They were used to 
replace organochlorine insecticides, providing an environmentally friendlier alternative.  
However, they act as enzyme inhibitors of nerve impulse transmission processes in 
vertebrates and invertebrates. Careless use and improper storage have caused 
hundreds of thousands of cases of human poisoning and thousands of deaths.50   
 
Success with organophosphorus poisons attracted many other investigators.  By 1975, 
about 100 commercial poisons were available.  It has been estimated that more than 100 
000 different organophosphorus compounds have been synthesized and evaluated as 
pesticides.32 
 
The second account features in “The Best Control – History of the development of 
organophosphate poisons” by S.L. Tvedten who reported that the organophosphate 
pesticide poisons (OPO4) were developed in Hitler’s Germany during WWII.51 These 
included the nerve agents TEPP, tabum and sarin.  Not being content with tests on 
monkeys, the developer I.G. Farben confirmed lethality by testing tabum on prisoners at 
Auschwitz.  Thus the OPO4 poisons such as chloropyrifos and diazinone became direct 
descendants of these nerve gas agents.   
 
In 1939, the Drug Trust was formed by an alliance of the two greatest cartels in world 
history – the Rockefeller Empire and the German chemical company I.G. 
Farbenindustrie.  In 1948, it became a 10 billion dollar industry. During WWII, a massive 
chemical plant was built at Auschwitz using slave labour.  Approximately 300 000 
concentration camp workers passed through I.G. Farbens facilities at Auschwitz.  Some 
were worked to death (25 000) or killed in drug testing programs.  The Nuremberg war 
crimes trials sentenced 12 company executives to terms of imprisonment for slavery and 
mistreatment offences.  Hoescht and Bayer, the largest companies in world 
pharmaceuticals, descend form I.G. Farben.  In 1934, Gerhard Schrader was appointed 
by Otto Beyer to pursue the development of synthetic insecticides.  These included DFP 
(di-isopropyl fluorophosphate), sarin, TEPP and OMPA.  He was aware of the toxic signs 
produced by these esters, and the potency of some of them prevented their development 
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and use as insecticides.  The German Ministry of Defence found these of immediate 
interest because of their value as chemical warfare agents.  Stocks of tabum and sarin 
were produced outside Duhernfurt near Breslau.   
 
British and U.S. scientists were carrying out similar investigations involving fluorine-
containing compounds and other alkyl phosphorofluoridates (and DPF).   When the 
structure and properties of the German gases became known, it was realised that they 
were more potent than DPF by two orders of magnitude.  The decade 1950-1960 was 
the era of organophosphate poisons, and the chemistry of organophosphorus insecticide 
poisons escalated.25 Organophosphates are now the largest and most versatile class of 
insecticides.53,54 
 
Described as the largest and most widely used class of insecticides, organophosphates 
consist mostly of esters of phosphoric, thio- and dithio- phosphoric acids.  They are 
active by inhibition of the respiratory enzyme cholinesterase, which is an essential 
component of nerve impulse transmission in both vertebrates and invertebrates.  They 
are highly toxic to mammals but they are not persistent in the environment. Unlike 
chlorinated hydrocarbons, they are unstable in the presence of light and quickly break 
down.  Typical organophosphates have different numbers of alcohol groups attached to 
their phosphorus atoms - the various phosphorus acids (I) that are so-produced are then 
termed esters.  These esters have different combinations of oxygen, carbon, sulphur and 
nitrogen, forming three groups of derivatives: aliphatic, phenyl and heterogenic. They are 
used to control, among other things, the sheep blowfly, locusts, flies, aphids, 
lepidopterous pests, and the Colorado potato beetle.39,55-59 
 
 
                                                                                                                        (I) 
 
 
1.13.3 Carbamates 
Carbamates are derivatives of carbamic acids, e.g. carbaryl, carbofuran and aldicarb.  
Their activity is similar to that of organophosphates, but if given in low doses, the insects 
are able to recover because the enzyme inhibition is more easily reversed. Carbamates 
have a broad spectrum of activity acting by contact or stomach action.  Carbamates are 
cholinergic and poisoning brings on a series of violent convulsions.  These chemicals 
control earwigs, caterpillars and nematodes.  The number of established insecticides in 
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this class is relatively small compared to the organophosphates. Their use is limited in 
integrated pest management systems (IPM’s) because of their toxicity to hymenoptera, 
like pollinators and parasitoids. Carbamates are free from environmental persistence and 
bioaccumulation disadvantages that are associated with organochlorines because of 
their high degree of biodegradability.  Carbofuran [7] has been found to become 
ineffective if used continuously in the same soil; micro-organism populations increase 
and degrade the compound after application more rapidly.  This can be prevented if it is 
rotated with another organophosphate.32,39,54,59-62 
 
 
 
[7] 
 
1.13.4 Pyrethroids 
The pyrethroids are the safest and fastest growing class of insecticides.  The synthetic 
pyrethroids are chemically and biochemically more stable (being more slowly degraded 
by ultraviolet radiation) than their naturally-occurring counterparts despite being readily 
biodegradable.  They are particularly effective against lepidopterous larvae due to their 
high contact activity and, in addition, are able to repel insects such as the tsetse fly and 
Mexican bean beetle.   Dosages can be kept low because of their high toxicity to insects 
at very low rates (e.g. 5g deltamethrin versus 1kg organophosphate, 15kg deltamethrin 
versus 1 ton DDT).  Cases of resistance have been reported which threaten long-term 
viability.26,32,39,48,61,62  Allethrin [8] was the first pyrethroid developed. 
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1.13.5 Insect growth regulators  
Since the 1960’s, the focus has been to find an effective means of controlling the insect 
problem without exposing applicators to hazards or causing unnecessary harm to non 
target organisms in the environment.  Insect growth regulators (IGR’s) interfere with 
embryonic, larval and nymphal development, and disrupt metamorphosis and 
reproduction. Basically they interfere with the unique biochemical processes that are 
particular to insects, e.g. molting and the formation of an exoskeleton.  This trait makes 
IGR’s the most selective, target-specific control method available.  IGR’s are classified 
as juvenile hormones, chitin synthesis inhibitors and triazine derivatives. Larval and 
nymphal molting is controlled by molting hormones or ecdysones and juvenile hormones. 
Ecdysones are necessary for the resorption of the old cuticle, and deposition, hardening 
and tanning of the new cuticle.  The mode of action causes premature death from 
abnormal molting or metamorphosis.  These compounds are too expensive to 
synthesize, but non-steroidal ecdysones antagonists have proven effective against 
Lepidoptera. 32,61,63,64   
  
1.13.5.1  Classification of the different classes of IGR’s  
The Insecticide Resistance Action Committee (IRAC) developed an insecticide and 
acaricide mode-of-action classification (v.3.3, October 2003).  Table 1.1 below 
summarises the group numbering, primary target site of action and chemical 
substance.21  
 
Table 1.1 Mode of action classification 
Group Primary Target Site of Action Chemical Substance 
1A 
1B 
Acetylcholine esterase inhibitors Carbamates, Triazamate 
Organophosphates 
2A 
2B 
GABA-gated chloride channel antagonists Cyclodiene organochlorines 
Fipronil 
3 Sodium channel modulators Pyrethroids 
Pyrethrins 
DDT 
4A 
4B 
4C 
Nicotinic acetylcholine receptor 
agonists/antagonists 
Neonicotinoids 
Nicotine 
Bensultap 
Cartap 
5 Nicotinic acetylcholine receptor agonists  
(not group 4) 
Spinosyns 
6 Chloride channel activators Avermectins, Milbemychims 
7A 
7B 
7C 
Juvenile hormone mimics Juvenile hormone 
analogues 
Femoxycarb 
Pyriproxyfen 
8A,B,C 
9A,B,C 
10A,B 
11A1,A2 
11B1,B2 
11C 
Fumigants 
Feeding blockers 
Mite growth inhibitors 
Microbial disruptors 
Microbial disruptors 
Microbial disruptors 
Methyl bromide 
Cryolite 
Clofentezine 
B.t.var.israelensis 
 
 
 
 
  
Table 1.1 Continued 
Group Primary Target Site of 
Action 
Chemical Substance 
12A,B Inhibitors of oxidative 
phosphorylation, disruptors 
of ATP formation 
Diafenthiuron 
13 Uncoupler of oxidative 
phosphorylation via 
disruption of H proton 
gradient 
Chlorfenapyr 
14 Inhibitionof magnesium-
stumulated ATPase 
Propargite 
15 Inhibitors of chitin 
biosynthesis, type 1, 
Lepidopteran 
Benzoylureas 
16 Inhibitors of chitin 
biosynthesis, type 1, 
homopteran 
Buprofezin 
17 Inhibitors of chitin 
biosynthsis, type 2, Dipteran 
Cyromazine 
18 Ecdysone agonist / 
disruptor 
Diacylhydrazines 
19 Octopaminergic agonist Amitraz 
20 Site II electron transport 
inhibitors 
Dicofol, Hydramethylnon 
21 Site I electron transport 
inhibitors 
METI acaricides, Rotenone 
22 Voltage-dependent sodium 
channel blocker 
Indoxacarb 
23 Inhibitors of lipid synthesis Tetronic acid derivatives 
24 Site III electron transport 
inhibitors 
Acequinocyl, Fluacrypyrim 
25 Neuroactive (mode of action 
unknown) 
Befenazate 
26 Unknown mode of action Azadirachtin 
 
 1.14 Molt-accelerating compounds  
These chemicals have a low environmental impact, selective activity and are excellent 
for IPM programs.  Even though the organophosphates, carbamates and pyrethroids 
represent the most successful classes of insecticides, they are being challenged by an 
increasing number of single and multiple reports detailing their resistance to mite species 
and pestiferous insects.  Pressures from the private sector to develop pest control agents 
that present even lower risks to human health, wildlife and environmental resources have 
soared over the last fifteen years, hence the burgeoning interest in MAC’s and other 
IGR’s.  New insect growth regulators include the 20-hydroxyecdysone (20E) agonist.  
  
This steroidal hormone regulates the genetic expression of the insect genome.  In the 
diacylhydrazine family, agonists include tebufenozide [2], methoxyfenozide [3], 
halofenozide [4] and chromafenozide [9].  The toxic effect is not due to the fact that they 
mimic 20-hydroxecdysone, but rather because they cause a premature lethal molt.  The 
mode of action was determined to mimic ecdysones in insects of the order Lepidoptera.  
Lepidoptera are the second largest order representing all moths and butterflies, 
outnumbered only by beetles.  As pollinators, many butterflies and moths are usually 
beneficial insects that feed on nectar.  The caterpillars however are either defoliators or 
miners of succulent plant tissues.   
1.14.1 Tebufenozide 
Described as the first reduced-risk insecticide discovered in 1986 (first reported in 1996), 
tebufenozide [2] was seen as a breakthrough in caterpillar control.  It was the first IGR 
with molt-accelerating properties, acting as the trigger that induced the molt. This 
insecticide lethally accelerates the molting process. The mode of action is twofold in that 
the ecdysones agonist causes premature molting, and ingestion toxins ensure that the 
larvae stop feeding and die of starvation. Its low environmental impact makes it ideal for 
use in IPM’s. Breakdown is slow, and even at low concentrations cuticle synthesis is 
inhibited.  Tebufenozide is most effective when the application coincides with egg 
hatching.  The residual activity lasts for 14-21 days.  Low use rates imply high safety, 
and so fewer hazards are introduced to food chains, and hazards associated with spills 
are minimized.  Target pests include army worms, leaf rollers, codling moth, grape berry 
moth, spruce budworm, cranberry fruit worm, caterpillars and tufted apple bud moth.  
Tebufenozide is used to protect pome fruit, canola, rice, almonds, sweet potato, 
cranberries, sugarcane, walnuts, pecan/pistachio nuts, cotton, turnips, mint, blueberries, 
forest/ornamental trees, pastures, range lands, row crops, vegetables and vines.23,13,65-67 
Tebufenozide is considered by many to be the safest, most selective, and most useful 
insect control agent ever to be discovered.17,23,65,68,69  
 
1.14.2 Methoxyfenozide 
Methoxyfenozide [3], discovered in 1990 (first reported in 1997), has been described as 
a broader spectrum MAC because it is more active against bud worm, cotton boll worm 
and the diamondback moth than tebufenozide. Dow AgroSciences has marketed 
methoxyfenozide [3] as Intrepid 2F and Intrepid 80WSP. It controls leaf rollers, leaf 
miners, western bean cutworm, beet army worm, eye-spotted bud moth, cabbage looper, 
fall army worm, garden webworm, cabbage worm, tomato horn worm codling moth, 
oriental fruit moths, true army worms, European corn borer and South-western corn 
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borer.  It is used to protect cotton and pome fruits, artichoke, citrus fruit, rice, sweet corn, 
fruiting vegetables, field corn, grape, leafy vegetables, lychee, sugar beet, radish, 
strawberry, mint and legumes. 
 
It is similar in its mode of action to tebufenozide in that the larvae molt prematurely and 
stop feeding. The insecticide is active primarily when ingested, but also with contact, 
displaying ovicidal and root systematic activity.17,65,70-73 Methoxyfenozide [3] is also 
considered a reduced risk insecticide and an organophosphate alternative, and is 
excellent for use in IPM’s. It has a higher binding affinity for the active sites than does 
tebufenozide and is therefore faster acting and active at lower application rates.16,17,72,74-78   
1.14.3 Halofenozide 
Halofenozide [4] was discovered in 1991 (first reported in 1997) and is now marketed by 
RohMid and Dow AgroSciences as Mach 2.  This diacylhydrazine is used mostly on 
lawns to control grubs and on turf to control caterpillars.  It is more persistent in thatch 
and soil than the previous two MAC’s, which means that it can be applied weeks or two 
to three months before the grubs hatch.  With low application rates, it has low toxicity to 
human and other non-insect organisms, thereby posing a low hazard to the environment.  
Its ability to mimic the action of ecdysones makes it effective in inducing premature 
molts.  Newly hatched and young growing grubs are first affected.  It also reduces 
fecundity in treated adults and has some ovicidal properties. It controls Japanese 
beetles, masked chafers, European chafer, Green June beetle, Oriental beetle, Asiatic 
garden beetle and black cutworm. Organophosphates such as Dylox (from Bayer) are 
more effective in controlling mid-sized and large grubs.11,13,74,79-82  
 
1.14.4 Chromafenozide 
Manufactured by Nippon Kayaku and Sankyo, it was first reported in 1996.  
Chromafenozide [9] initiates a precocious incomplete lethal molt.  It is used to control 
lepidopteran larvae in rice, fruit, vegetables, tea, cotton, beans and forests.83   
 
 
        [9] 
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1.15 Economic damage caused by insect pests 
Economic damage is referred to as the amount of crop injury which will justify the cost of 
artificial control measures, where the injury, which focuses on the pest and its activities, 
is determined by the magnitude of the effect of pest activities on host physiology that is 
usually deleterious.  The damage, which focuses on the crop and its response to injury, 
is seen as the measurable loss of host utility including the yield quantity, quality and 
aesthetics.   
 
The point at which economic damage begins is termed the gain threshold and is defined 
as that point where the amount of money required for suppressing insect injury is equal 
to the potential monetary gain from increased crop yield, quality, or both. 
 
hectareton
tonvalueMarket
hectaretsManagement
thresholdGain /)/($
)/($cos
==  
 
For example, if management costs are $x per hectare and harvested maize is marketed 
at $y per ton, then the threshold would be x/y ton/hectare.  This means that at least x/y 
ton/hectare should be saved to warrant the insecticide application.84 
1.15.1 Economic injury level 
Economic injury level (EIL) is defined as the lowest number of insects that would cause 
economic damage, in other words, the minimum number of insects that would reduce the 
yield equal to the gain threshold.  (Figure 1.1 and 1.2) 
 
 
 
 
 
 
 
 
Figure 1.1  The relationship between the damage boundary and the gain 
threshold 
EIL  can be expressed as:   V x I x P x D = C 
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Where:  V = market value per unit of produce ($/hectare); 
I = injury units per insect per production unit (% 
defoliation/insect/hectare); 
P = density of insect population (insect/hectare); 
D = damage per unit injury (mass lost/hectare/% defoliation) and 
C = cost of management per hectare ($/hectare).85 
 
 
 
 
 
 
 
 
 
   
 
 
 
Figure 1.2  A representation of how economic losses can be monitored 
when considering the injury equivalents over time 
 
1.15.2 Economic threshold (Action threshold) 
The economic threshold (ET) is the most widely used index in pest management 
decisions.  It indicates the number of insects at which management action is necessary, 
and is therefore a time parameter.  Insect growth rates can be predicted provided that 
the economic threshold is set at a lower value so as to take action before the economic 
injury level is reached and losses are incurred.   (Figure 1.3) 
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Figure 1.3 The relationship between the economic threshold (ET) and 
the economic injury level (EIL) in taking action against an 
insect population 85 
 
Integrated Pest Management systems are a crucial aid when used to follow trends in a 
selected area of crop development over time.  New pesticides act as a tool to control 
emerging trends. 
1.16 Objectives for this study 
While the synthesis of symmetrical, unsubstituted diacylhydrazines offer only a few 
technical challenges, the synthesis of unsymmetrical diacylhydrazines, and N-substituted 
diacyhydrazines offer many challenges that need to be overcome to make a synthetic 
route commercially viable.  The overall objective for this study is to evaluate different 
potential synthetic routes for the model compound [5] with the view to define potentially 
scaleable routes. 
 
As discussed in Chapter 2, there are many potential synthetic approaches for the 
synthesis of N-[N-(tert-butyl)phenylcarbonylamino](4-methylphenyl)carboxamide [5].  
This is a result of the fact that the total synthesis actually comprise two different synthetic 
steps, namely the synthesis of a hydrazide from a substituted hydrazine, and the 
synthesis of the diacylhydrazine from the intermediate hydrazide.  Since the synthetic 
chemistry of the two steps are very similar, a large number of combination of reagents 
and reaction conditions are possible. Some examples of routes include the acylation of 
tert-butyl hydrazine [10] with a carboxylic acid86 (4-methylbenzoic acid [11]), followed by 
  
a second acylation reaction with benzoyl chloride [12] (or a second molecule of benzoic 
acid [13]); reaction of a benzaldehyde87 (4-methylbenzaldehyde [14]) with tert-butyl 
hydrazine [10], followed by acylation of the resultant hydrazone (or hydrolysed 
hydrazone) with benzoyl chloride [12]; by acylating tert-butyl hydrazine [10] with a 
carboxylic acid ester88 (e.g. methyl-4-methylbenzoate [15]), followed by a second 
acylation reaction using benzoyl chloride [12] or a benzoate [16]; by acylating tert-butyl 
hydrazine with an anhydride89 (4-methylbenzoic anhydride [17]), followed by a second 
acylation reaction using benzoyl chloride [12] (or a second molecule of benzoic 
anhydride [18]).  Naturally the second acylation reaction can, apart from the options 
already mentioned, utilize any of the other acylating agents, i.e. the second acylation 
reaction can use any of benzoic acid [13], benzoyl chloride [12], benzoate [16]. 
 
As a result of this variety of options, the strategy followed during this work was to first 
fully evaluate the first reaction step (hydrazide formation), followed by an evaluation of 
the second reaction step (diacylhydrazine synthesis) separately. 
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CHAPTER 2 
 
SYNTHESIS OF N-[(TERT-BUTYL)AMINO](4-
METHYLPHENYL) CARBOXAMIDE 
 
2.1 General 
The first step in the synthesis of di-acylhydrazines invariably involves the synthesis of the 
mono-acylhydrazide as the first step of a two-step synthetic procedure.  This first step 
can be critical in determining the selectivity of the overall synthesis, particularly if the 
synthesis is carried out with the objective to produce an unsymmetrical hydrazide from a 
hydrazine such as 2-tert-butylhydrazine hypochloric acid [10].  It is therefore important 
that this reaction step be optimized by carefully selecting reagents that would give high 
selectivities to the desired reaction product. 
 
In most cases the formation of acylhydrazides from hydrazines are of the general form 
(Rxn. 1) and therefore represents examples of nucleophilic substitution at the carbonyl 
carbon atom. 
   
               
(1) 
 
For reactions of the above type, one of three reaction mechanisms may be operational 
(Rxn’s 2 – 4, and where Nu- represents the nucleophile). 
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The dissociative mechanism (Rxn. 2) is likely to occur in solvents of high polarity and 
when X- forms a very stable anion.  In view of the relatively high nucleophilicity of amines 
and hydrazines, this mechanism is probably not very important during the synthesis of di-
acylhydrazides. 
 
The addition-elimination mechanism (Rxn. 3) is generally accepted to be operational in 
most acylation reactions of amines and amides.90-93  When applied to amine (and 
hydrazine) acylation, Rxn. (3) must necessarily include a proton loss from nitrogen (Rxn. 
5). 
 
                             (5) 
 
 
 
 
Although the above representation is probably an over simplification of the actual 
mechanism, it does provide a useful guide for estimating the effects of such 
modifications as reactant structure, solvent effects, reaction conditions, etc.92,94   As an 
example, an increase in the electron withdrawing power of the substituent R1 in R1COX 
will stabilize the intermediate complex (Rxn. 3) and increase k1.  Conversely, electron 
donating groups (i.e. groups that stabilize R1COX) by resonance interaction with the 
carbonyl group, will decrease k1.  Similar generalizations can be drawn in terms of the 
nature of X in R1COX, for example, when X is highly electronegative, both k1 and k3 
should be high in comparison to groups that are electron donating. 
 
The dissociative mechanism (Rxn. 2) and the addition-elimination mechanism (Rxn. 3) 
may be interpreted as limiting forms of the mechanism represented by (Rxn. 4), and 
which involves the simultaneous breaking and formation of bonds.  
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2.2 Acylation using acid chlorides 
Most acyl halide reactions occur by a nucleophilic acyl substitution mechanism. The 
halogen can be replaced by –OH to yield an acid, by –OR to yield an ester, by –NH2 to 
yield an amide, or by NR1N(R2)2 to yield a hydrazide.  Because the leaving group is 
bonded to a carbonyl carbon, a tetrahedral intermediate forms which can react further by 
expelling the leaving group and forming a new bond.  The general mechanism is shown 
in Scheme 2.1. 
 
 
 
 
 
 
 
 
 Scheme 2.1  Nucleophilic displacement of chloride from acyl chlorides 95 
 
Hydrazines and alkyl and aryl-substituted hydrazines (like ammonia and most primary 
and secondary amines) are readily acylated by treatment with acyl halides to form 
hydrazides in good yields according to the general equation (Rxn 6), and this 
methodology is the most important method of preparing hydrazides.96 
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       (6) 
 
This reaction often proceeds with vigour when hydrazine, or hydrazine substituted with 
an electron donating group on either or both N-atoms, is used, or when a reactive acyl 
halide is used. The following generalisations may be made in terms of the reactivity 
orders of acyl halides and substituted hydrazines: 
• Acetyl chloride is more reactive than its higher homologues due in part to the 
increased +Ι effect, and in part due to increased stereochemical crowding by 
larger alkyl groups. In all cases the reactivity of acyl halides are increased by the 
presence of electron withdrawing groups.97  In cases where the carbonyl group 
may be conjugatively stabilised, as for example in benzoyl chloride and crotonyl 
chloride, reactivity is decreased.  Thus, a typical reactivity order is of the form: 
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ClCH2COX > CH3COX > CH3(CH2)nCOX > (CH3)2CHCOX > PhCH2COX 
 
• The order of reactivity of the various halogens is I > Br > Cl > F.  As in the case of 
the nucleophilic displacement of halogens from saturated carbon, the effect of C 
– X bond strength is more important than the electronegativity of X. 
 
• The reactivity of alkyl-substituted hydrazine in reactions with acyl chlorides, for 
example, is determined by the nature of the alkyl-substitutent, as well as the 
degree of substitution.  Thus, when only one nitrogen is substituted, and when 
the alkyl-substituent is electron-donating, substitution preferentially occurs on the 
substituted nitrogen atom.98,99  As example, when methylhydrazine [18] is reacted 
with benzoyl chloride [12], the predominant product is N-amino-N-
methylbenzamide [19] (Rxn. 7)98,100 since the methyl group enhances the 
nucleophilicity of N(1).  The increase in nucleophilicity when the nitrogen atoms in 
hydrazine are substituted with a methyl group is so strong that when 1,2-
dimethylhydrazine [20] is reacted with an acyl halide, the corresponding diacyl 
hydrazine is obtained as the main reaction product (Rxn. 8).98  However, when 
one of the nitrogen atoms in hydrazine is substituted with a group that reduces 
the nucleophilicity on the nitrogen atom, substitution will preferentially occur on 
the unsubstituted nitrogen atom.  For example, when phenylhydrazine [21] is 
reacted with a benzoyl chloride [12] , the main reaction product (Rxn. 9) is 
phenyl-N-(phenylamino)carboxamide [22] since the mesomeric effect of the 
phenyl group reduces the nucleophilicity of N(1).101-103    
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Since HCl is formed during these reactions, two equivalents of the hydrazine must be 
used to drive the reaction towards completion.  One equivalent of the hydrazine reacts 
with the acyl chloride and the other equivalent reacts with the HCl byproduct to form an 
ammonium chloride salt.  Generally, however, these syntheses are carried out using one 
equivalent of the desired hydrazine plus one equivalent of an inexpensive base such as 
NaOH. In most cases aqueous alkali is added to combine with liberated HCl.104   
 
In view of the differences in reactivity between different hydrazines and different acyl 
halides as discussed above, a wide range of experimental conditions have been used for 
the synthesis of hydrazides, and the choice of the best procedure needs to be 
determined experimentally based on the nature of substrates (hydrazine; acyl halide) 
being used. Thus, whereas activated hydrazines may react with reactive acyl halides at 
ambient conditions, less reactive acyl halides such as benzoyl halides and de-activated 
hydrazines may require refluxing for several hours.  
 
Acylation reactions between hydrazines and acyl halides may be carried out with or 
without a reaction solvent. Solventless reactions may sometimes be slow as a result of 
poor mass transfer between the water-soluble hydrazine and long-chain acyl halides. In 
addition, the formation of insoluble products during the reaction further complicates mass 
transfer. The use of an organic solvent generally relieves these problems and many 
different solvents can be used, including ethers, alcohols, alkanes, cyclo-alkanes and 
aromatic solvents. 
 
Scheme 2.2 below illustrates the mechanism for the acylation of an alkyl-substituted 
hydrazine hydrochloride with 4-alkylbenzoyl chloride to form the corresponding 
monoacylhydrazine, N-[alkyl-amino](4-alkylphenyl)carboxamide. 
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Scheme 2.2  Nucleophilic acyl substitution mechanism 
 
2.2.1 Potential side reactions 
When evaluating potential synthetic routes, side reactions should always be borne in 
mind. This is particularly true in the present case where a number of side reactions may 
occur. These side reactions may involve the starting materials, the product, or both as 
discussed below. 
2.2.1.1 Hydrolysis of acyl halides to acids 
A potential side reaction that should always be considered during acylation reactions is 
the hydrolysis of the acyl halide. Acid chlorides react rapidly with water to form carboxylic 
acids.  In fact most simple acyl halides must be stored under anhydrous conditions lest 
they react with water in the air.  Usually water is a strong enough nucleophile for the 
reaction, though in difficult cases a hydroxide ion may be required. The mechanism of 
hydrolysis can be either SN1 or tetrahedral, the former occurring in highly polar solvents 
and in the absence of strong nucleophiles.105  This hydrolysis reaction is a typical 
nucleophilic acyl substitution process, initiated by attack of water on the acid chloride 
carbonyl group. The tetrahedral intermediate undergoes elimination of Cl- and loss of H+ 
to give the product carboxylic acid plus HCl as is illustrated in Scheme 2.3 below. 
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Scheme 2.3  Hydrolysis of acyl halides 
 
In order to overcome the decrease in yields due to acyl halide hydrolysis, especially in 
the presence of a base, an excess of the acyl halide reagent is normally used.  
Alternatively an inorganic base such as calcium oxide106 or sodium carbonate107  may be 
suspended in an organic solvent such as benzene to reduce the rate of nucleophilic 
attack on the acyl halide carbonyl group. 
 
2.2.1.2 Coupling of acyl halides 
Acyl halides can be coupled to give symmetrical -diketones in a Wurtz-type reaction 
(Rxn. 10).108,109 
 
           (10) 
 
These reactions have, however, only been reported in the presence of reactive metal 
compounds capable of reacting with the acyl halide to give an organometallic complex 
which then reacts with a second molecule of the acyl halide. An example is the coupling 
of benzoyl chloride to give benzil over samarium iodide.108  Coupling reactions of this 
type are not expected during the acylation of t-butylhydrazine. 
2.2.1.3 Hydrolysis of the hydrazide 
While amides is readily hydrolysed under conditions of either base or acid catalysis, 
hydrazides are generally stable to acids and bases at low temperatures.110 Hydrolytic 
cleavage to give the free acid only occurs under conditions of prolonged heating (> 8 
hours) and in the presence of strong acids (e.g. 23% HCl).111 Alkaline hydrolysis of 
  
hydrazides also requires prolonged heating and high concentrations of base.111 Thus, 
hydrolysis of the hydrazide will probably be neglible or absent. 
 
2.2.1.4 Di-substitution of hydrazine 
One of the difficulties that arise during the acylation of hydrazines is the possibility of di-
substitution of the hydrazine, which tends to occur readily. It is therefore vital to control 
the reaction conditions (amount of reactant added for the first acylation step, reaction 
temperature, use of solvent, etc.) particularly when attempting to synthesize 
unsymmetrical diacylhydrazines.  Thus, lower reaction temperatures and diluting the 
acylating agent with solvent, or adding it dropwise to the hydrazine solution can suppress 
the formation of 1,2-diacylhydrazines.112 
 
2.2.1.5 De-butylation of the tert-butyl hydrazide fragment 
Results obtained during this investigation suggest that some de-butylation of the tert-
butyl group occurs from the tert-butyl substituted hydrazine. De-alkylation of amides and 
hydrazides are not common and such reactions have only been reported for N-tert-butyl 
amides in 98% sulfuric acid. It is doubtful whether de-butylation under the reaction 
conditions used for this study would lead to de-butylation in a similar manner (elimination 
of the alkyl group as an alcohol). An alternative de-butylation that should be considered 
is the elimination of the tert-butyl group as iso-butane or isobutene and evidence 
obtained during this study indicates that this is indeed the case. 
 
It is not quite clear how the observed debutylated products results, but the most 
reasonable explanation is from the enol form of N-[(tert-butyl)amino](4-
methylphenyl)carboxamide [23] or N-[N-(tert-butyl)(methylphenylcarbonylamino](4-
methylphenyl) carboxamide [24] as illustrated below in Scheme 2.4. 
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Scheme 2.4 Debutylated products from the enol 
 
2.2.1.6 Substitution at the “wrong” nitrogen 
As discussed previously, the mono-acylation of t-butyl hydrazine can lead to one of two 
isomers, N-[(tert-butyl)amino](4-methylphenyl)carboxamide [25] or  N-amino-N-(tert-
butyl)(4-methylphenyl)carboxamide [26] (Scheme 2.5).  
 
 
            
Scheme 2.5 Two isomers of the monoacylation of t-butylhydrazine 
  
In general, acylation of alkyl-substituted hydrazines with acyl chlorides occurs 
preferentially on the substituted nitrogen atom.98,99 In the case of t-butylhydrazine, the t-
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butyl group has a relatively weak inductive effect and, in addition, provides 
stereochemical crowding near the position of attack.113 The result is that the preference 
for attack becomes the unsubstituted nitrogen atom, a fact that has been exploited for 
the synthesis of a wide variety of unsymmetrical, di-substituted hydrazides containing a t-
butylhydrazine group. However, despite the preference for substitution on the 
unsubstituted nitrogen atom, a significant amount of substitution can still occur on the 
substituted nitrogen atom giving rise to a significant amount of byproduct. 
 
2.3 Acylation using carboxylic acid esters 
The formation of hydrazides by acylation of hydrazine hydrate with carboxylic acid esters 
(Rxn. 11) is probably the most widely used method for the synthesis of hydrazides.98,99, 
114,115
 These reactions are generally performed with or without a solvent (e.g. alcohol, 
dimethylformamide) and is usually a spontaneous reaction with the evolution of heat. 
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The reaction between hydrazine and a carboxylic acid ester is essentially an addition-
elimination reaction (Scheme 2.6), but the reaction may be catalysed by either acids or 
bases.  In the case of acid catalysis, one may envisage incipient protonation of the 
carbonyl oxygen as indicated in the transition state (II), and which may lead to enhanced 
attack by the hydrazine nucleophile.  In the case of base catalysis, nucleophilic attack 
may be enhanced by incipient de-protonation of the attacking nitrogen group of the 
hydrazine (III). 
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Scheme 2.6 Addition-elimination of carboxylic acid esters by hydrazine 
 
 
 
    (II)     (III) 
 
 
 
 
The simplified mechanistic considerations above allow making certain predictions 
regarding the effects of reagent structure on the reaction rate that can be expected. 
Thus: 
• Substituents (R1) that removes electron density from the carbonyl group will 
increase the rate of reaction; 
• Substituents (R2) in the alkoxy group that is electron attracting will increase the 
rate of reaction by stabilising the R2O- group; and 
• The overall reaction rate will depend on the nucleophilicity of the attacking 
nitrogen in the hydrazine or substituted hydrazine. 
 
It should, however, be noted that while not many systematic studies have been reported 
on the effect of stereochemical effects during the acylation of substituted hydrazines by 
carboxylic acid esters, it would appear that steric effects are more important in 
determining the position of attack, as well as the rate of reaction, than the actual 
nucleophilicity of the attacking nitrogen moiety.  Thus, in contrast to the acylation of 
methylhydrazine by acid chlorides (Rxn. 7), the acylation of methylhydrazine by 
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carboxylic acid esters gives (IV) as the main reaction product with only small amounts of 
(V) as by-product. 
 
 
 
     (IV)      (V) 
 
 
 
Apparently, the larger the R1 group, the slower the reaction and the smaller the amount 
of (IV) in comparison to (V).114-117   In addition, the larger the alkyl group in the substituted 
hydrazine, the smaller will be the amount of (V) formed, and the slower the reaction will 
be.   
 
From the above considerations it is not surprising then that under normal conditions for 
the reaction of hydrazines with less reactive esters, the acylhydrazines are not formed in 
an appreciable quantity; their formation generally requires longer reaction times, higher 
temperatures118,119 and even high pressures.120,121  One such example is the reaction 
between methyl-4-methyl benzoate and excess hydrazine monohydrate in methanol 
which required heating at 80oC for 30 h to produce the 4-methylbenzoylhydrazide in a 93 
% yield.122 
 
2.3.1 Potential side reactions 
 
2.3.1.1 Hydrolysis of acyl esters to acids 
Ester hydrolysis may be catalyzed by both acids and bases, but since OR is a much 
poorer leaving group than halide or OCOR, water alone does not hydrolyze most esters.   
 
 
 
 
 
 
The mechanism of acid hydrolysis depends upon the structure of the alkoxy group that is 
being displaced and usually takes a similar course to that of the reverse reaction of 
esterification. In the case of alkaline hydrolysis, the attacking species is the powerful 
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nucleophile OH-, and the carbon atom of the alkoxycarbonyl group first undergoes 
nucleophilic attack by the hydroxide ion.  The resultant tetrahedral adduct then stabilizes 
itself by loss of an alcohol molecule. This reaction gives the salt of the acid.   
 
 
 
 
 
 
 
 
The last step of the alkaline hydrolysis step is virtually irreversible, which implies that 
quantitative hydrolysis can be achieved provided sufficient base is present. Ester 
hydrolysis is almost always done in basic solution for preparative purposes.123 
 
2.3.1.2  Hydrolysis of the hydrazide 
See section 2.2.1.3. 
 
2.4 Acylation using carboxylic acid anhydrides 
While carboxylic acid anhydrides are somewhat less reactive than the corresponding 
acid chlorides, they are nevertheless useful reagents for the acylation of amines and 
hydrazines (Rxn. 12).   
 
             (12) 
 
As in the case of acylation using acid chlorides, the reaction mechanism is thought to be 
a nucleophilic addition to a carbonyl atom that produces a tetrahedral intermediate of the 
form (VI), although Satchell124 has reported evidence for a synchronous displacement 
process proceeding through a transition state of the form (VII). 
 
 
    (VI)      (VII) 
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Both the proposals above can be used to make similar predictions in terms of the effects 
of the structure of reagents on the rate of reaction.  Thus: 
• Electron withdrawing groups (R1) in the carboxylic acid anhydride will increase 
the reaction rate by increasing the electrophilic character of the carbonyl carbon 
atom and by stabilizing the leaving group R1CO2-.  For this reason carboxylic acid 
anhydrides such as trifluoroacetic anhydride, are very effective acylating agents. 
• For substituted hydrazine, on the other hand, electron withdrawing groups 
attached to one or both nitrogen atoms will reduce the rate of reaction (by 
decreasing the nucleophilicity of the attacking nitrogen), while electron releasing 
substituents will increase the rate of reaction (but see the effects of 
stereochemical crowding below).  Thus, when methylhydrazine [18] is reacted 
with benzoic anhydride [27], the primary reaction product is N-amino-N-
methylbenzamide [19] (Rxn. 13)100,125 since the methyl group enhances the 
nucleophilicity of N(1). 
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There are two possible sites for attack when unsymmetrical carboxylic acid anhydrides 
are used as acylating agents (Rxn. 14). 
 
 
 
 
              (14)                         
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The actual course of reactions of the above nature is dependant upon both the steric and 
electronic effects of substituents R1 and R2.  Thus, the preferred position of attack by 
hydrazine is at the carbon atom of the carbonyl group adjacent to the least bulky 
substituent (all other factors being equal).  The effect of the electronic influences of the 
substituents R1 and R2 are, however, less easy to predict.  For example, if R2 is more 
electron withdrawing than R1, the carbon atom of the carbonyl group adjacent to R2 will 
be more electrophillic, and should be more susceptible to attack by hydrazine.  However, 
due to the greater electron withdrawing effect of R2, the group R2CO2- will be a more 
effective leaving group than R1CO2-.  Thus, the outcome of such reactions will depend on 
which particular effect is more important for a particular reaction: carbonyl electrophilicity, 
or leaving group stability.  In most cases, however, the combined electronic and steric 
effects lead to the formation of both products. 
 
Instead of using mixed anhydrides of carboxylic acids, mixed anhydrides of carboxylic 
acids with inorganic acids can often be used very effectively.126  As example, acyl 
sulphates, prepared from the reaction of SO3 with an alkali metal salt of the desired 
carboxylic acid, is readily acylated at the acyl group (Rxn. 15). 
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Acylation reactions of amines and hydrazines are acid catalysed reactions,127  and in the 
absence of added acid catalyst, reactions show typical autocatalytic behaviour.128   
 
2.4.1 Possible side reactions 
2.4.1.1 Hydrolysis of the carboxylic acid anhydride 
The chemistry of acid anhydrides is similar to that of acid chlorides, hence they undergo 
similar kinds of reactions.  Generally anhydrides react more slowly than acid chlorides, 
despite the fact that the carboxylate anions are good leaving groups.  Thus, acid 
anhydrides will react with warm water to form acids, with alcohols to form esters, with 
amines to form amides, and with LiAlH4 to form primary alcohols.  Carboxylic acid 
anhydrides will react with water to form the two carboxylic acid molecules (Rxn 16).129 
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Hydrolysis of anhydrides are catalyzed by both acids and bases, especially OH- as OH- 
attacks more readily than water.130   
 
2.4.1.2 Di-substitution of the hydrazine 
The di-substitution of hydrazines can occur in a manner similar to that discussed 
previously for acyl chlorides (Section 2.2.1.4.) 
 
2.4.1.3 Substitution at the “wrong” nitrogen 
Substitution at the “wrong” nitrogen can also occur in a manner similar to that of acyl 
chlorides (Section 2.2.1.6) 
 
2.5 Reaction between carboxylic acids and hydrazines 
Amines and hydrazines react readily with carboxylic acids to form the corresponding 
amine or hydrazinium salt of the carboxylic acid (Rxn. 17).  These salts can be converted 
to the corresponding amide or hydrazide by strong heating (Rxn. 18), and while this 
method works reasonably well for the synthesis of amides, it is rarely used for the 
synthesis of hydrazides.  The reason for this is that under the drastic conditions required 
(typically >150oC), the initially formed mono-acylhydrazine may disproportionate into the 
symmetric diacylhydrazine which is often the main reaction product.98 
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These reactions are essentially the reverse of hydrazide hydrolysis reactions and are 
therefore (thermal) dehydration reactions that are most likely to proceed in the normal 
manner, i.e. by nucleophilic attack by the hydrazine on the carbonyl carbon of the free 
carboxylic acid (Rxn. 19).131   
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Several variations have been developed to make the synthesis of amides and hydrazides 
by reaction with carboxylic acids more accessible.  These include the use of N,N’-
dicyclohexylcarbodiimide as a dehydrating agent in the reaction of carboxylic acids with 
hydrazines (Rxn. 20).132 
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The above reaction is usually carried out in the presence of an inert solvent such as 
methylene chloride at ambient temperatures with yields often being comparable to the 
comparative ester hydrazinolysis.132 
 
The reaction is thought to proceed via (VIII) which can acylate hydrazine into hydrazide 
(IX). The dicyclohexylurea (XI) is also formed during the reaction. Byproducts that may 
  
CR1
H
N
NH2
+ CHOR2 CR1 N
H
N C
R2
H
OC
R2
R1
+ NHR3H2N CR1 R2
N NH
R3
O
OH
CH3
O
CH3
SnCl2
∆ , 45 min
O
Cl
CH3
O
CH3
CH2Cl2
00C
O
NH
NH
CH3
CH3
CH3
CH3
CH3
CH3
CH3
NH
N
CH3
CH3
CH3
O
O
O
CH3
CH3
[28]
be formed is the N-acylurea (X), which is formed by isomerization of (VIII), and the 
anhydride (XII), formed by reaction with free carboxylic acid. 
 
The acylation of mono-substituted hydrazines by the diimide method follows the same 
rule as acylation with acyl chlorides and anhydrides.132  
In another variation, thionyl chloride can be used to convert the benzoic acid into an acyl 
chloride which acts as the actual acylating agent. As example, 3-methoxy-2-
methylbenzoic acid, when treated with tin (II) chloride in a solution of N-(3,5-
dimethylbenzoyl)-N’-tert-butylhydrazine [28] gives the corresponding hydrazine, N-(3-
methoxy-2-methylbenzoyl)-N-(3,5-dimethylbenzoyl)-N'-tert-butylhydrazine [29] (Rxn. 
21).133 
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2.6 Hydrolysis of hydrazidic halides 
The product that results from the reaction of an aldehyde or ketone with a hydrazine is 
called a hydrazone (Rxn. 22).134, 135   
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Hydrazine itself gives hydrazones only with aryl ketones. With other aldehydes and 
ketones, azines may be formed from the condensation of the second -NH2-group with a 
second molecule of aldehyde or ketone (Rxn. 23). 
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With mono-substituted hydrazines, the reaction is very specific as substitution can occur 
at the unsubstituted nitrogen only (Rxn. 22).  Hydrazones of this type may be converted 
to the corresponding carboxylic acid hydrazides by a sequence of reactions involving the 
bromination of the hydrazone, followed by hydrolysis of the resultant hydrazidic bromide 
(Rxn. 24).136-139 
  
 
       H2O 
       -Br-      (24) 
 
 
 
Neither of the bromination or hydrolysis steps depicted in Rxn. (24) is straight forward, 
which makes this approach somewhat less attractive despite the selectivity and high 
yields of the hydrazone formation step.  The best conditions reported for the bromination 
step requires the addition of five molar equivalents (relative to the hydrazone) of bromine 
in a single step to a slurry of the hydrazone in acetic acid or acetic anhydride.114,117,140-141   
Even under these “optimum” conditions, the yield of the desired hydrazidic bromides are 
typically 60 – 70 mol %.  In addition, the propensity for side reactions (e.g. ring 
bromination of activated R1 ring systems) under these conditions is very high.  
 
Normal acid or base-catalysed hydrolytic methods are not viable for the hydrolysis of the 
hydrazidic bromides due the occurrence of secondary reactions.142  Several alternative 
methods to effect such hydrolysis reactions selectively have been reported. This includes 
refluxing of the hydrazidic bromide in an aqueous dioxane or acetone solution,143 by 
reacting the hydrazidic bromide with potassium hydrogen carbonate (Rxn. 25) in dry 
dimethylformamide144  and the reaction of hydrazidic bromides with potassium hydrogen 
phthalate (Rxn. 26) in dry acetonitrile.145 
 
 
 
                           (25) 
 
 
  
CR1
Br
N
NH R2
CR1
O
NH
NH R2
+   
CR1
N
HN
R2
O
C O
C
O-
O
H+
C
C
O
O
O
CR
H
N
R`
H2O CR N
R`OH2
H
+
-
CR N
R`OH
H
H CR
O
H + H2NR`
 
 
 
                (26) 
 
 
 
 
 
These alternative hydrolysis procedures are very selective and produce near quantitative 
yields of the desired hydrazides. 
 
2.6.1 Potential Side Reactions 
Byproducts may result from either the hydrazone formation reaction, the bromination 
reaction, or the bromination/hydrolysis reaction. 
 
2.6.1.1 Hydrolysis of the hydrazone 
Compounds containing carbon-nitrogen double bonds, including hydrazones, can be 
hydrolysed to the corresponding aldehydes and free amine/hydrazine. Although the 
hydrolysis of the hydrazones will not strictly speaking produce additional byproducts 
during the reaction, it may reduce yields if the extent of hydrolysis is not minimised.  
Hydrolysis is believed to involve the initial addition of water followed by the elimination of 
the nitrogen moiety (Rxn. 27). 
 
 
    (27) 
 
 
2.6.1.2 Byproducts resulting from the bromination reaction 
While molecular bromine will readily add to activated aromatic compounds such as 
phenol, it does not react with unactivated aromatic compounds such as benzene unless 
initiated by uv-irradiation or in the presence of a Lewis acid catalyst. Both the aromatic 
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rings used during this particular synthesis contain an acyl group that should deactivate 
the ring sufficiently to prevent the formation of any ring-brominated byproducts. 
 
2.7 Oxidation of hydrazones 
Another way to access hydrazides from hydrazones is through the selective oxidation of 
hydrazones and a number of reports exist where this has been achieved with varying 
degrees of success. Thus, oxidation of hydrazones using lead tetraacetate or peracetic 
acid was investigated by B.T. Gilllis et al.146 where cinnamaldehyde 
monomethylhydrazone [30] was oxidised with lead tetra acetate in methylene chloride to 
give a 44% yield of N-acetyl cinnamic acid methyl-hydrazide [31].   
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
The peracetic acid oxidation of the same hydrazone (XIII) in diethyl ether gave a 21% 
yield of the azoxy acetate (XIV).  These results and other yields reported in this research 
are relatively low. 
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In contrast, a paper written by K. Mogilaiah et al.147 reports the oxidation of 
acylhydrazones with m-chloroperbenzoic acid in the solid state as giving high yields of 
around 90% N, N’-diacylhydrazines.  The conflicting reports in the literature makes it 
unclear as to whether the oxidation of the hydrazone in question for this study would 
readily occur. 
 
2.8 Miscellaneous methods 
 
2.8.1  The Schestavkov’s Reaction 
The Schestakov’s reaction, similar to Hofmann’s amide degradation, allows for 
monoacylated ureas to be converted into hydrazides with the aid of sodium 
hypochlorite.148 As example, benzoylurea [32] reacts with sodium hypochlorite resulting 
in the formation of benzoic acid hydrazide [33].  
 
 
 
 
 
 
 
 
 
 
2.8.2  N-Amination with sodamide 
N-Chloroamides [34] react with sodamide to give carboxylic acid hydrazides [35].149 The 
starting materials are only secondary amides as they readily give [34].  By using the 
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sodium salt of a substituted amide, e.g. sodium acetamilide [36], symmetrically 
disubstituted diacylhydrazines [37] may be prepared. 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.8.3  N-Amination with O-(2,4-dinitrophenyl)hydroxylamine 
 O-(2,4-dinitrophenyl)hydroxylamine [38], which is a highly reactive aminating agent for 
nucleophilic nitrogen compounds, can be used to form hydrazides.150 For example, the 
phthalimide anion [39] reacts with [38] to give N-aminophthalimide [40] in 88% yield.   
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2.8.4 Reduction of N-nitroamides 
Hydrazides can be prepared by the catalytic hydrogenation of N-nitroamide [41] in the 
presence of Ni, Co or Fe catalysts.  These N-nitroamides [41] are first formed by nitration 
of amides.151,152 
 
RCONHNO2
[41]
H2/Cat. RCONHNH2 + H2O
 
 
2.8.5 Conversion of Azo compounds 
Carbonylazo compounds, such as [42] can be converted to hydrazides by hydrogenation 
of the N=N bond.  Most carbonylazo compounds are prepared from hydrazides by 
oxidation making hydrogenation hardly practical.  Carbonylazo compounds are 
nevertheless useful for the synthesis of substituted hydrazides.  For example, 
benzoylazobenzene [42] reacts with Grignard reagents to form the Grignard (XV) 
compound by 1,4 addition. It is then hydrolysed to 2,2-disubstituted hydrazide. (XVI).153 
 
 
 
 
 
 
 
Another example is that of an azo compound [44] which is obtained when benzaldehyde 
phenylhydrazone is reacted with dipotassium nitrosobisulphate [43], and decomposed in 
aqueous solution into 1-benzoyl-2-phenylhydrazine [44] and hydroxylimidobissulphuric 
acid.154 
 
 
 
 
 
 
 
 
  
 
Treatment of hydrazones of the type (XVIII) with an ethereal 40% peracetic acid solution 
leads to carboxylic acid hydrazides (XXIII) in good yields.155  The cis-azoxy compound 
(XIX) formed in the first step, rearranges into an N-hydroxyhydrazone (XX) then by 
addition and elimination gives the -hydroxyazo compound (XXI) which tautomerizes into 
(XXII) and the hydrazide (XXIII). 
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This mechanism, particularly steps leading to compounds (XIX - XX), proceed only with 
aromatic hydrazones due to resonance stabilization in (XX).  However, in some cases, 
hydrazides can be prepared from aliphatic hydrazones.156 
 
2.9 Strategy for the evaluation and selection of synthetic method 
 
2.9.1 Requirements for a “scaleable” method 
In order for a general method to be scaleable, it needs to meet several criteria which may 
be grouped together under the following headings: Economic feasibility; Technical 
feasibility; and Environmental, Health and Safety feasibility. 
 
2.9.1.1 Economic feasibility 
Economic feasibility not only refers to the cost of starting materials, reagents, and 
solvents, but also to capital cost requirements, as well as the efficiency of the reaction 
system. For example, while the hydrolysis of hydrazones may provide the desired 
hydrazide in exceptionally high yields, the capital costs required to handle the extremely 
  
corrosive and hazardous molecular bromine required for the bromination step could 
easily render such an approach “economically non-feasible”. C 
 
onversely, a reaction sequence involving only non-hazardous reagents may provide the 
desired product in only low yields, or require long reaction periods that would necessitate 
additional recovery/recycling units or larger reactors to produce at the required 
production rates. 
 
2.9.1.2 Technical feasibility 
Technical feasibility of a synthetic method implies a wide range of requirements, 
including, inter alia, appropriate heat and mass transfer, high selectivity to the desired 
product, practical product isolation, etc. 
 
2.9.1.3 Environmental, Health and Safety feasibility 
Environmental, health and safety issues addresses such issues as toxicity of starting 
materials, reagents and solvents to man and the environment, safe operating conditions, 
the nature and amounts of waste products, etc.  
 
All of the above issues need to be addressed in a satisfactory manner before the scale-
up of a production process for commercial application can commence.  
 
2.9.2 Information required for making a selection for the most 
suitable reagents  
From the preceding discussions it is quite clear that there are many potential routes 
available for the formation of the target N-[(tert-butyl)amino](4-
methylphenyl)carboxamide [25] compound. Since this study is limited to the use of t-
butylhydrazine, not all of the methods discussed are directly applicable. Of those that 
involves the formation of hydrazides from hydrazine, some have been investigated and 
used to a greater extent than others for reasons of convenience, availability of reagents, 
or achieving desired reaction conditions without the use of specialized equipment. 
 
Despite the many reports concerning the synthesis of unsymmetrical hydrazides such as 
N-[(tert-butyl)amino](4-methylphenyl)carboxamide [25], surprisingly little information is 
available in the literature concerning the nature and amounts of byproducts formed when 
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following the various routes. This includes even those well-known methods such as the 
acylation of substituted hydrazines with acid chlorides, anhydrides and esters. Without a 
proper understanding of the nature of byproducts it becomes quite difficult to select 
between potential synthetic routes and also to optimize a specific route. The identification 
of the various byproducts formed when using different acylating reagents, solvents, and 
reaction conditions was therefore one of the main objectives of this work. 
 
2.10 Results and Discussion 
In evaluating the potential synthetic routes for N-[(tert-butyl)amino](4-
methylphenyl)carboxamide [25] , various strategies, reagents and reaction conditions 
were evaluated. These will be discussed in the following sections under the following 
headings: 
• Acylation using 4-methylbenzoyl chloride [45]; 
• Acylation using 4-methylbenzoic acid [11]; 
• Acylation using 4-methylbenzoic acid esters; and 
• Synthesis via 4-methylbenzaldehyde [14]. 
 
2.10.1 Acylation of t-butylhydrazine with 4-methylbenzoyl chloride  
In this section the results obtained for the acylation of t-butylhydrazine [10] with 4-
methylbenzoyl chloride [45] are discussed. For this investigation, the hydrochloride salt 
of t-butylhydrazine was used, which meant that the addition of a base was required in 
order to liberate the free t-butylhydrazine [10] from its salt. In addition, base is also 
required to bind liberated HCl from the reaction (Rxn. 26). 
 
 
                (26) 
 
 
          [45]                    [10]                                        [25] 
 
Apart from the potential effect of the nature of the base (together with the effect of the 
nature of the reaction solvent which may influence the rate of the various product and by-
product formation reactions) used during these reactions, the effect of, and the nature of 
the alkyl-substituent on the hydrazine is also of interest. As discussed previously in 
  
Section 2.2, the position of attack (N1 or N2) is determined by both the electronic and 
stereochemical effects of the substituent group. In the case of the t-butyl group, it is 
expected that stereochemical effects will dominate over electronic effects, and 
substitution should preferentially occur on the unsubstituted nitrogen (N2). However, the 
actual reaction conditions may play an important role in determining the final product 
distribution between the N1-substituted and N2-substituted monoacyl hydrazide. 
   
A series of experiments were performed to evaluate the factors that influence the 
formation of N-[(tert-butyl)amino](4-methylphenyl)carboxamide [25].  Variations made to 
the synthetic methods included changing the solvent (n-butyl acetate, ethyl acetate and 
toluene), the base (KOH and NaOH with NaHCO3), and the reaction temperature.  The 
results of these experiments are summerized in Table 2.1. Scheme 2.7 lists the products 
and by-products identified during these reactions. 
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Scheme 2.7 Acylation of t-butylhydrazine [10] with 4-methylbenzoyl chloride [45] 
 
The identity of the major by-products was determined from the mass fragmentation patterns of 
the respective components identified by means of GC-MS as illustrated in Figures 2.1 – 2.9. 
Tables 2.2 – 2.7 gives brief analytical mass balances for each of the reactions listed in Table 
2.1 
  
Table 2.1: Acylation of t-butylhydrazine [10] with 4-methylbenzoyl chloride [45]: 
summary 
Rxn No.  Base Solvent 
Rxn 
Temp. 
(oC) 
[25] 
(Mole %)* By-Products 
1 NaOH NaHCO3 n-butyl acetate 45 81.9 
[45] 
[11] 
2 KOH n-butyl acetate 45 97.0 [26] 
3 NaOH toluene 90 65.3 [46] [11] 
4 NaOH ethyl acetate 70 92.0 
[46] 
[11] 
[47] 
5 NaOH NaHCO3 ethyl acetate 65 74.3 
[46] 
[11] 
[47] 
6 KOH ethyl acetate 70 73.3 
[46] 
[11] 
[47] 
7 KOH n-butyl acetate 120 81.5 [46] 
*Based on 4-methylbenzoyl chloride 
 
The desired mono-substituted t-butylhydrazine, N-[(tert-butyl)amino](4-
methylphenyl)carboxamide [25] can be distinguished from the undesired isomer, N-
amino-N-(tert-butyl)(4-methylphenyl)carboxamide [26] by means of the observed 
differences in their mass fragmentation patterns as is illustrated in Figures 2.1 and 2.2 
respectively.  
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Figure 2.1: Mass fragmentation pattern - N-[(tert-butyl)amino](4-
methylphenyl) carboxamide [25] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.2: Mass fragmentation pattern - N-amino-N-(tert-butyl)(4-
methylphenyl) carboxamide [26] 
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The fragmentation patterns of both isomers show a weak molecular ion peak at M+ 
= 206/207 and a very strong base peak at M/Z = 119. The most noticeable 
differences between the mass spectra of [25] and [26] is the observation of the 
M/Z = 150 fragment, which appears for [25] but not for [26], and the presence of 
the M/Z = 176 in the spectra for [26] and not in [25].   
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Scheme 2.8 Fragmentation of N-[(tert-butyl)amino](4-methylphenyl) 
carboximide [25] and N-amino-N-(tert-butyl)(4-methylphenyl) 
carboxamide [26] 
 
The above Scheme 2.8 illustrates how the observed differences between the mass 
fragmentation patterns of [25] and [26] may arise. In the case of both [25] and [26], the 
primary fragmentation process involves the splitting off of CH3* to result in the observed 
M/Z = 191. Both these fragments can then lose the formyl group as R-CO to result in 
the observed base peaks at M/Z = 119. However, in the case of [26], the M/Z = 191 
fragment can additionally lose CH3* to form N-amino(4-methylphenyl)-N-
vinylcarboxamide, probably as a result of stereochemical crowding. 
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The major byproduct formed during these reactions apears to be a de-butylated 
diacylhydrazine compound, (4-methylphenyl)-N-[(4-methylphenyl)carbonylamino]carbox- 
amide [46] . This assignment is made based on the mass fragmentation pattern for this 
compound which is shown in Figure 2.3.  
 
The fragmentation pattern is relatively simple and shows a weak molecular ion peak at 
M/Z = 268 and a very strong base peak at M/Z = 119, suggesting a low energy 
fragmentation process on the one hand, and the presence of a symmetrical 
fragmentation process on the other. This low energy fragmentation process most 
probably corresponds to the loss of a 4-methylphenyl formyl fragment from the parent 
compound to give a 1-methylbenzene-4-carbohydrazide fragment as illustrated in Figure 
2.3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.3: Mass fragmentation pattern for (4-methylphenyl)-N-[(4- 
methylphenyl)carbonylamino]carboxamide [46] 
 
The presence of (4-methylphenyl)-N-[(4- methylphenyl)carbonylamino]carboxamide [46] 
in the reaction mixtures require a de-butylation step from either the mono-acylated 
hydrazine (N-[(tert-butyl)amino](4-methylphenyl)carboxamide [25] or the di-substituted 
hydrazine ((4-methylphenyl)-N-[(4-methylphenyl)carbonylamino]carboxamide [46]. 
 
In order to confirm the above, attempts were made to recover iso-butene from reacting 
mixtures and to confirm its identity by GC-MS. The following procedure was followed: A 
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reactor fitted with a Dean and Stark separator, condenser, gas tubing, needle syringe, 
and gas tight collection vessel in an ice trap was used.  The reactor was charged with 
28.6g ethyl acetate (an additional 9.58g in the separator), 3.40g (60.6 mmol) KOH, 
dissolved in 8.67g (481.6 mmol) water and 5.20g (41.73 mmol) t-butylhydrazine 
hydrochloride salt.  The temperature was set to 60oC and allowed to equilibrate for 5 
minutes.  To this mixture, 4.49g (29.0 mmol) of 4-methylbenzoyl chloride in 7.28g ethyl 
acetate was added dropwise over 45 minutes.  This mixture was left to reflux for 20 
hours at 67oC.  A sample of the gas in the cold collection vessel was taken with a gas 
syringe and analysed by GC-MS.  Figure 2.4 below shows the mass fragmentation 
pattern obtained for the compound detected in this overhead gas.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.4: Mass fragmentation pattern for the overhead gas 
 
The mass fragmentation pattern for the gas trapped in the ice trap surprisingly shows the 
presence of both isobutene [49] and iso-butane [48] as can be seen by comparing the 
above fragmentation pattern to reference mass fragmentation patterns of isobutene 
(Figure 2.5) and iso-butane (Figure 2.6)157 
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Figure 2.5: Mass fragmentation pattern for isobutene [49] 
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Figure 2.6 Mass fragmentation pattern for iso-butane [48] 
 
As discussed previously, it is not quite clear how the de-butylation reaction takes place, 
but the absence of any de-butylated mono-acylated hydrazine intermediate suggests 
that debutylation only occurs from the di-acylated product (cf. Section 2.2.1.5). This 
observation supports earlier suggestions that de-butylation results from an enolised form 
  
of the di-acylhydrazine. Mono-acylhydrazines behave as amides and do not undergo 
enolization.158  
The other major byproduct detected in the solid product and the filtrate is 4-
methylbenzoic acid (II) as deduced from its mass fragmentation pattern (Figure 2.7). 4-
Methylbenzoic acid [11] can be formed in one of three ways: Hydrolysis of the acid 
chloride; Hydrolysis of the mono-acyl hydrazine: Partial hydrolysis of the di-
acylhydrazine. Of these, the hydrolysis of the acyl chloride is most likely the major route. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.7: Mass fragmentation pattern for 4-methylbenzoic acid [11] 
 
In all the reactions carried out using ethyl acetate as the reaction solvent, an additional 
major by-product was formed and was identified as N-[(tert-butyl)amino]acetamide [47] 
on the basis of its mass fragmentation pattern (Figure 2.8). The formation of [47] is 
undoubtedly the result of the reaction of ethyl acetate with the free t-butylhydrazine under 
the reaction conditions. No by-product of a similar nature was detected in reactions 
where n-butyl acetate was used as the reaction solvent. This finding is not unexpected 
due to the fact that the longer chain alkoxy groups behave as weaker leaving groups. 
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Figure 2.8 Mass fragmentation pattern for N-[(tert-butyl)amino]acetamide [47] 
 
 
The analytical mass balances for reactions carried out when using 4-methylbenzoyl 
chloride as acylating agent are summarised in Tables 2.2 to 2.8 together with specific 
experimental details. 
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Table 2.2: Analytical mass balance: Reaction No. 1 
Chemicals In Chemicals Out Method and Conditions 
4-methylbenzoyl chloride 
(3.09g; 19.9 mmol) 
NaOH 
(3.42g; 85.5 mmol) 
n-butyl acetate 
(12.53g; 107.9 mmol) 
NaHCO3 
(0.43g; 5.1 mmol) 
t-BH.HCl 
(7.36g; 59.1 mmol) 
 
Load reactor with n-butyl 
acetate, t-BH.HCl (in 21g H2O). 
Then add NaOH and NaHCO3  
(in 5g H2O). 
Cool mixture to 10oC. 
Add 4-methylbenzoyl  
chloride together and with  
1.8 g of the NaOH (in 3.5g  
H2O)  dropwise over a period 
of 20 minutes. Increase the 
temperature to 45oC and  
react for 180 minutes. 
H2O 
(36.30g; 2019.4 mmol) 
Aq. Effluent = 45.10g (Not  
analyzed) 
Product = 4.58 g 
[25] = 81.94%; 
[46] = 15.89%; 
[47] = 2.1% 
Org. Effluent = 11.38g (Not  
Analyzed) 
Separate the organic layer  
and wash with 6.80g H2O. 
Filter solid product and dry. 
Tot. Mass In = 63.13g Tot. Mass Out = 61.06g  
 
 
 
 
 
 
 
 
 
 
 
 
  
Table 2.3: Analytical mass balance: Reaction No. 2 
Chemicals In Chemicals Out Method and Conditions 
4-methylbenzoyl  
chloride 
(3.06g; 20.0 mmol) 
KOH 
(4.53g; 80.7 mmol) 
n-butyl acetate 
(12.53g; 108mmol) 
t-BH.HCl 
(7.34g; 59.0 mmol) 
 
H2O 
(35.72g; 2429.6 mmol) 
 
 
 
Load reactor with n-butyl 
acetate, t-BH.HCl (in 21.4g) 
H2O add KOH (in 4.52g H2O). 
Cool mixture to 10oC. 
 Add 4-methylbenzoyl chloride 
together and with 2.27g of the 
 KOH (in 4.20g H2O) dropwise 
 over a period of 20 minutes. 
Increase the temperature to 
 45oC and react for 180 minutes.
Aq. Effluent = 45.88 g (Not  
analyzed) 
Product = 3.58 g 
[25] = 97.0%; 
[46] = 0.9% 
 
Org. Effluent = 12.00g (Not  
Analyzed) 
Separate the organic layer 
and wash with 6.80g H2O.  
Filter solid products and dry. 
Tot. Mass In = 63.18g Tot. Mass Out = 61.46g  
 
 
 
 
 
 
 
 
 
 
  
Table 2.4: Analytical mass balance: Reaction No. 3  
Chemicals In Chemicals Out Method and Conditions 
4-methylbenzoyl chloride 
(4.34 g; 28.1 mmol) 
NaOH 
(2.48g; 61.9 mmol) 
toluene 
(50.81g; 551.5 mmol) 
t-BH.HCl 
(5.03g; 40.4 mmol) 
H2O 
(8.50g; 472.0 mmol) 
 
Load reactor with toluene, 
t-BH.HCl and NaOH (in 8.50g 
H2O). 
Equilibrate at 85oC for 10  
minutes. 
Add 4-methylbenzoyl 
chloride in 6.75g toluene 
dropwise over a period of 
35 minutes.  Increase the 
temperature to 90oC and 
react for 180 minutes.   
Aq. Effluent = 20.07 g (Not  
analyzed)  
  
Product = 6.45 g 
[25] = 67.25%; 
[26] = 17.19%; 
[46] = 11.5%; 
[11] = 1.11%; 
[47] = 1.43% 
 
Org. Effluent = 44.00g (Not  
Analyzed)  
Separate the organic layer 
filter the solid product and 
dry. 
Tot. Mass In = 71.16g Tot. Mass Out = 70.5g  
 
  
  Table 2.5: Analytical mass balance: Reaction No. 4  
Chemicals In Chemicals Out Method and Conditions 
4-methylbenzoylchloride 
(4.48g; 28.8 mmol) 
NaOH 
(2.46g; 61.5 mmol) 
Ethyl acetate 
(43.70g; 505.4 mmol) 
t-BH.HCl 
(5.03g; 40.4 mmol) 
H2O 
(8.53g; 474.0 mmol) 
 
Load reactor with ethyl 
acetate and t-BH.HCl.  Add 
NaOH (in 8.53g H2O). 
Equilibrate at 60oC for 10  
minutes. 
Add 4-methylbenzoyl  
chloride (in 7.23g ethyl 
acetate) dropwise over a 
period of 35 minutes.  
Increase the reaction 
temperature to 70oC and 
react for 660 minutes. 
Aq. Effluent = 18.07 g (Not  
analyzed)  
  
Product = 6.98 g 
[25] = 92.0%; 
[26] = 2.7%; 
[46] = 0.91%; 
[11] = 1.6%; 
[47] = 2.73% 
 
Org. Effluent = 38.83g (Not  
Analyzed)  
Separate the organic layer 
filter the solid product and 
dry. 
Tot. Mass In = 64.20g Tot. Mass Out = 63.88g  
 
 
 
 
 
 
 
 
 
  
Table 2.6 Analytical mass balance: Reaction No. 5  
Chemicals In Chemicals Out Method and Conditions 
4-methylbenzoyl chloride 
(4.33g; 28.0 mmol) 
NaOH 
(2.54g; 63.7 mmol) 
Ethyl acetate 
(45.38g; 555.1 mmol) 
t-BH.HCl 
(5.12g; 41.0 mmol) 
H2O 
(9.65g; 536.2 mmol) 
NaHCO3 
(0.273g: 3.25 mmol) 
 
Load reactor with ethyl  
acetate,t-BH.HCl, NaOH (in  
8.64g H2O) and NaHCO3 (in  
1.01g H2O). 
Equilibrate at 60oC for 10  
minutes.Add 4-methylbenzoyl  
chloride (in 7.10g ethyl acetate) 
dropwise over a period of 
35 minutes. 
Increase the temperature to 
65oC and react for 660 
minutes. 
Aq. Effluent = 14.47 g (Not  
analyzed)  
  
Product = 6.80g 
[25] = 74.27%; 
[26] = 1.80%; 
[46] = 6.96%; 
[11] = 2.97%; 
[47] = 13.97%]  
 
 
Org. Effluent = 43.33g (Not  
Analyzed)  
Separate the organic layer 
filter the solid product and 
dry. 
Tot. Mass In = 67.45g Tot. Mass Out = 64.60g  
 
 
 
 
 
 
 
 
  
Table 2.7 Analytical mass balance: Reaction No. 6  
Chemicals In Chemicals Out Method and Conditions 
4-methylbenzoyl chloride 
(4.33g; 28.0 mmol) 
KOH 
(3.38g; 60.4 mmol) 
Ethyl acetate 
(45.34g; 514.6 mmol) 
t-BH.HCl 
(5.05g; 57.3mmol) 
H2O 
(8.53g; 473.7 mmol) 
 
Load reactor with ethyl  
acetate, 
t-BH.HCl and NaOH (in 
8.53g H2O). 
Equilibrate at 60oC for 10 
minutes. 
Add 4-methylbenzoyl  
chloride  (in 7.10g ethyl  
acetate)  dropwise over a  
period of 75 minutes. 
Increase the temperature to 
68oC and react for 660 
minutes.  
Aq. Effluent = 17.46 g (Not  
analyzed)   
Product = 6.81g 
[25] = 73.32%; 
[26] = 3.84%; 
[46] = 18.97%; 
[11] = 3.48%; 
[47] = 0.36% 
 
Org. Effluent = 40.05g (Not  
Analyzed)  
Separate the organic layer 
filter the solid product and 
dry. 
Tot. Mass In = 66.63g Tot. Mass Out = 64.32g  
 
 
 
 
 
 
 
 
 
  
Table 2.8 Analytical mass balance: Reaction No. 7 
Chemicals In Chemicals Out Method and Conditions 
4-methylbenzoyl  
chloride 
(4.42g; 28.6 mmol) 
KOH 
(3.39g; 60.4 mmol) 
n-butyl acetate 
(43.56g; 375.4mmol) 
t-BH.HCl 
(5.01g; 40.2 mmol) 
H2O 
(8.50g; 471.8 mmol) 
 
Load reactor with n-butyl 
acetate, t-BH.HCl, add KOH 
(in 8.50g H2O). 
Add 4-methylbenzoyl chloride 
 together (in 8 ml n-butyl  
acetate) dropwise at 40oC. 
Increase the temperature to 
 120 oC and react for 20 hours  
and 30 minutes. 
Aq. Effluent = 8.65 g (Not  
analyzed) 
KCl salts = 6.48g (Not  
analyzed) 
Product = 1.45 g 
[25] = 81.52% 
[46] = 18.47% 
 
Org. Effluent = 46.26g (Not  
Analyzed) 
Separate the organic layer 
from the KCl salt by filtering 
the hot solvent.  Allow to 
cool. A solid product 
precipitates out.  Filter solid 
products and dry, then 
analyze.   
Tot. Mass In = 64.88g Tot. Mass Out = 62.85g  
 
 
The results described above show that the acylation of t-butylhydrazine [10] with 4-
methylbenzoyl chloride [45] is a very effective method for the synthesis of N-[(tert-
butyl)amino](4-methylphenyl)carboxamide [25] with yields in excess of 90% achieved in 
reaction 2 and 4. However, this method appears susceptible to variations in the reaction 
conditions (e.g. nature of the solvent, temperature, reagent ratios, etc.) and produces a 
variety of by-products that will complicate both product purification and waste disposal. 
 
Three different base combinations were evaluated in the above study, and the results in 
terms of product yield do not show a particular preference of one type of base over 
another. This is probably not unexpected if the role of the base is considered, namely to 
first liberate free t-butylhydrazine [10] by reacting with the hydrochloride salt of the 
hydrazine, and also to bind HCl liberated during the actual acylation reaction. In view of 
the fact that HCl is a strong acid, the rate and extent of reaction with the different bases 
  
evaluated will not differ significantly and should therefore not have a significant effect on 
the outcome of the product formation reaction. These considerations seem to be 
confirmed by the results above in that yields above 70% were regularly achieved, 
irrespective of the type of base.  
 
The nature of the reaction solvent seems to play a significant role during the above 
acylation reactions as is indicated by the results obtained. For example, in the case of 
ethyl acetate, the solvent is reactive enough to react with the substrate (t-butylhydrazine 
[10]) under the reaction conditions to give significant quantities of the N-[(tert-
butyl)amino]acetamide [47] by-product.  Apart from its potential participation in the 
reaction as a reagent, the major role of the solvent is to facilitate removal of water from 
the reaction mixture by azeotropic distillation. From the results achieved during these 
comparative experiments, it would appear that the solvents decrease in effectivity (in 
producing the desired reaction product) in the order n-butyl acetate > ethyl acetate > 
toluene. The following values were obtained from literature relating to the azeotropic 
ability between the solvents and water: n-butyl acetate : water (77.5 : 22.5), ethyl acetate 
: water (91.5 : 8.5) and toluene : water (79.8 : 20.2), which, with the exception of toluene, 
is in the same order of ability to remove water as an azeotrope. Although higher reaction 
temperatures may be beneficial from a reaction rate point of view, results obtained 
during the present comparative study suggests that by-product formation may be 
increased significantly at higher temperatures (cf. Tables 2.3 and 2.8 for example), 
hence toluene appears to perform somewhat poorer than the esters. 
 
2.10.2 Acylation of t-butylhydrazine [10] with 4-methylbenzoic acid [11] 
In this section the results obtained for the acylation of t-butylhydrazine [10] with 4-
methylbenzoic acid [11] is discussed.  The proposed route for the synthesis of the 
intermediate via the acid for the said production of (N-[(tert-butyl)amino](4-
methylphenyl)carboxamide [25] is shown below. (Eq 27) 
 
 
 
 
                                                                                                                                 (27) 
 
A series of experiments were performed to evaluate the factors that influence the 
formation of N-[(tert-butyl)amino](4-methylphenyl)carboxamide [25].  Variations made to 
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the synthetic methods included changing the solvent (eg: ethyl acetate and toluene), the 
base (eg: KOH and NaOH), and the reaction temperature.  The results of these 
experiments are described in Table 2.9, while Scheme 2.9 illustrates the products and 
by-products identified during these reactions schematically.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Scheme 2.9: Acylation of t-butylhydrazine [10] using 4-methylbenzoic acid 
[11] as acylating agent 
 
 
 
 
 
 
 
 
 
  
Table 2.9 Reaction profiles for 4-methylbenzoic acid [11] 
Rxn No. Base Solvent Rxn Temp. (oC) 
[25] 
(Mole 
%)* 
By-Products 
8 NaOH 
 
Methanol and 
Toluene 72 0 [11] 
9 Triethyl 
amine 
Methanol and 
Toluene 85 0 [11] 
10 KOH toluene 85 0.5  [47] 
11 
(Microwave 
Reaction) 
KOH Toluene 150 2.3 [11] 
12 
(Microwave  
Reaction) 
KOH none 150 34.4 [11] [15] 
 
 
It has been shown in previous Sections, that both NaOH and KOH facilitate the release 
of “free” hydrazine.  An organic base, triethylamine was also tested, to establish whether 
the nature of the base have any effect on the outcome of these reactions.  Table 2.10 
shows the results of these experiments carried out using the bases; NaOH, triethylamine 
and KOH. 
 
  
Table 2.10 Bases tested together with 4-methylbenzoic acid  
Rxn 
No. Base Chemicals In  Method and Conditions 
8 
NaOH 
50 % in water 
(10.0000 g in  
20 mL) 
2.7611 g  
(20.27 mmol)      
4-methylbenzoic acid  
 
5.0208 g(40.29 mmol) 
t-butylhydrazine.HCl with a 
50% NaOH solution.   
This reaction took 5 hours in a solvent 
mixture of methanol and toluene.   
The reflux temperature was around 72oC.  
No [25] formed even when the reflux time 
was extended to 9 hours. 
9 
Triethyl 
amine  
(8.1810 g; 
80.92 mmol) 
(excess) 
1.0107 g (7.42 mmol)  
4-methylbenzoic acid  
 
1.0130 g (8.13 mmol) 
 t-butylhydrazine.HCl  
with triethylamine. 
The reaction mixture was left to reflux 
overnight at 85oC.   
No [25] formed only unreacted starting 
material remained.   
10 
KOH 
40 % in water 
(2.3430 g in  
5.45 mL ) 
 
2.6790 g (19.67 mmol)  
4-methylbenzoic acid  
 
5.0830 g (40.79 mol) 
t-butylhydrazine.HCl with 
a 40% KOH solution.    
The mixture was left to reflux for 4 hours in 
toluene at    85oC.  The removal of water 
was facilitated by a D/S tube (6mL water 
was recovered).   
Only 0.5% (GC-MS) was [25] the bulk (98%) 
was unreacted 4-methylbenzoic acid. 
 
 
The results described above clearly show that benzoic acids are not efficient acylating 
agents for t-butylhydrazine under the aqueous basic conditions required for the liberation 
of free t-butylhydrazine from its hydrochloride salt [10]. These reactions are also 
practically quite problematic since the reaction mixture forms a thick slurry-like mixture 
under reflux conditions, making removal of water very difficult. In addition, the toluene 
used as solvent tends to foam under reflux conditions.  
 
2.10.3 Microwave synthesis for acid route investigations 
When t-butylhydrazine.HCl [10] (1.01g; 8.10 mmole) is reacted with 4-methylbenzoic 
acid [11] (1.0900 g; 8.01 mmole) in the presence of solid KOH in toluene under reflux 
overnight, no reaction takes place.  
 
However, if the same system is reacted in a microwave reactor, significant amounts of 
the desired product are formed. Thus, when t-butylhydrazine.HCl (0.4970 g; 3.98 mmol), 
4-methylbenzoic acid [11] (0.5310 g; 3.90 mmol), and KOH (0.3740 g; 6.67 mmol), is 
heated for 30 minutes in a microwave reactor at 3 W power, at 150oC, (N-[(tert-
butyl)amino](4-methylphenyl)carboxamide [25] (34 %) was formed (Table 2.12). In the 
  
presence of toluene as reaction solvent (Table 2.11), the amount of product formed is 
significantly reduced.  
 
Table 2.11   Conditions for microwave irradiation Reaction 11 
Chemicals In Chemicals Out Microwave conditions 
t-butylhydrazine.HCl  
(0.5060 g; 4.06 mmol) 
     Temp  and  Pressure  
150oC ; 75 psi 
4-methylbenzoic acid  
(0.5370 g; 3.94 mmol) 
 Power  3 W 
KOH  
(0.2720 g; 4.85 mmol) 
5 mL Toluene  
 [25] = 2.3 % 
 [11] =  97 % 
Time 20 min  
 
 
Table 2.12 Conditions for microwave irradiation -  Reaction 12 
Chemicals In Chemicals Out Microwave conditions 
t-butylhydrazine.HCl  
  (0.4970 g; 3.98 mmol) 
     Temp  and  Pressure  
150oC ; 75 psi 
4-methylbenzoic acid  
(0.5310 g; 3.90 mmol) 
    Power  3 W 
 KOH  
(0.3740 g; 6.66 mmol) 
 
[25] = 34.4%,  
[11] = 60.8 %   
[15] = 4.75%. 
Time 30 min  
 
Figure 2.10 shows the mass fragmentation pattern obtained for the main reaction product 
which corresponds to the fragmentation pattern of (N-[(tert-butyl)amino](4-
methylphenyl)carboxamide [25] (cf. Figure 2.1).  Apart from unreacted 4-methylbenzoic 
acid [11], the only by-product detected during these microwave assisted reactions 
appear to be methyl-4-methylbenzoate [15] , as indicated by the mass fragmentation 
pattern for this product (Figure 2.11). 
 
 
 
 
 
 
 
 
  
Exp84-1 #2560 RT: 13.74 AV: 1 NL: 1.72E8
T: {0,0} + c EI det=200.00 Full ms [ 40.00-320.00]
40 60 80 100 120 140 160 180 200 220 240 260 280 300 320
m/z
0
5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100
R
e
la
tiv
e
 
Ab
u
n
da
n
ce
118.8
90.8
191.0
149.857.256.1
206.364.9
41.2
120.0
88.9
192.142.3 92.1 207.286.8 151.076.8 121.0 135.799.1 173.2 193.2 269.1218.1 240.8 281.2248.8 297.4180.2 308.1
Exp84-1 #2309 RT: 12.39 AV: 1 NL: 3.80E7
T: {0,0} + c EI det=200.00 Full ms [ 40.00-320.00]
40 60 80 100 120 140 160 180 200 220 240 260 280 300 320
m/z
0
5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100
R
e
la
tiv
e
 
Ab
u
n
da
n
ce
118.8
90.8
65.0
149.8
119.988.9
63.1 92.0 116.951.2 135.8 151.077.0 191.0104.9 206.9166.9 281.1250.0175.0 227.2
CH3
O
O
CH3
M+ = 150
M/Z = 119
M/Z = 134
CH3
NH
NH
CH3
CH3
CH3
O
M+ = 206
M/Z = 91
M/Z = 119
M/Z = 191 M/Z = 57
M/Z = 150
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.10 Mass fragmentation pattern for N-[(tert-butyl)amino](4-methylphenyl) 
carboxamide [25] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.11 Mass fragmentation pattern for methyl 4-methylbenzoate[15] 
 
 
  
2.10.4 Acylation of t-butylhydrazine [10] with methyl 4-methylbenzoate [15] 
In this section the results obtained for the acylation of t-butylhydrazine with methyl-4-
methylbenzoate are discussed.  The proposed route for the synthesis of (N-[(tert-
butyl)amino](4-methylphenyl)carboxamide via the ester is shown below. (Eq 28) 
 
 
 
 
                                                                                                                                 (28) 
 
 
 
 
A series of experiments were performed to evaluate the factors that influence the 
formation of N-[(tert-butyl)amino](4-methylphenyl)carboxamide.  Variations made to the 
synthetic methods included changing the solvent (eg: ethyl acetate and toluene), the 
base (eg: KOH and NaOH), and the reaction temperature.  The results of these 
experiments are summarised in Table 2.13, while Scheme 2.10 illustrates the results 
schematically. 
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Scheme 2.10: Acylation of t-butylhydrazine [10] using methyl 4-methylbenzoate 
[15] as acylating agent 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Table 2.13 Methyl 4-methylbenzoate [15] as acylating agent- Summary 
Rxn No. Base Solvent Rxn Temp. (oC) 
[25] 
(Mole %)* By-Products 
13 
(Bench 
scale 
reaction) 
NaOH Methanol and Toluene 135 25 
[15] 
[47] 
14 
(Microwave  
Reaction- 
open 
vessel) 
KOH Ethyl acetate 70 0 
[15] 
[47] 
15 
(Microwave 
Reaction 
under 
pressure) 
KOH Ethyl acetate 120 1 
[15] 
[47] 
[11] 
16 
(Microwave 
Reaction 
under 
pressure) 
KOH Toluene 148 17.3 
[15] 
[11] 
 
17 
(Microwave 
Reaction 
under 
pressure) 
KOH none 118 56 
[15] 
 
18 
(Microwave 
Reaction 
under 
pressure) 
 
K2CO3 none 120 54 
[15] 
[11] 
 
19 
(Microwave 
Reaction 
under 
pressure) 
Na2CO3 none 120 75 [11] 
20 
(Microwave 
Reaction 
under 
pressure) 
KOH and 
KHCO3 none 150 94.6 [15] 
 
 
The desired reaction product, N-[(tert-butyl)amino](4-methylphenyl)carboxamide [25], 
was identified by GC-MS as before. As discussed in section 2.3 previously, the acylation 
of t-butylhydrazine [10] with methyl 4-methylbenzoate [15] requires high reaction 
temperatures and extended reaction times in order to produce the desired reaction 
product in appreciable amounts. This is essentially the result of decreased reactivity as a 
result of the stereochemical crowding provided by the t-butyl group on N2. In addition, 
none of the undesired hydrazide isomer, N-amino-N-(tert-butyl)(4-
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methylphenyl)carboxamide [25], is formed during these reactions. As before, major by-
products formed during these reactions have been assigned on the basis of the mass 
fragmentation patterns of these compounds as illustrated below. 
 
In most reactions, significant amounts of unreacted 4-methylbenzoate [15] (Figure 2.12) 
remains in the reaction mixture.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Figure 2.12 GC-MS mass fragment confirming the presence of unreacted methyl 
4-methylbenzoate [15] in the reaction mixture 
 
Depending upon the reaction conditions used, varying amounts of 4-methylbenzoic acid 
[11] (Figure 2.13), formed from the hydrolysis of methyl 4-methylbenzoate, can be 
observed in most reaction mixtures. Surprisingly the largest amounts of 4-methylbenzoic 
acid [11] can be observed in reaction mixtures carried out under microwave irradiation 
and in the presence of weak bases such as K2CO3 and Na2CO3 (see Tables 2.13, 2.19 
and 2.20). 
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Figure 2.13 Mass fragmentation pattern of 4-methylbenzoic acid [11] 
 
 
As in the case of the acylation of t-butylhydrazine [10] with 4-methylbenzoyl chloride 
[45], reactions performed in the presence of ethyl acetate as the reaction solvent result 
in the formation of N-[(tert-butyl)amino]acetamide (Figure 2.14) as by-product due to the 
reaction between ethyl acetate and t-butylhydrazine [10]. 
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Figure 2.14 Mass fragmentation pattern for N-[(tert-butyl)amino] acetamide [47] 
 
 
Unreacted methyl 4-methylbenzoate [15] (Figure 2.15) was the remaining component 
identified in these reactions. 
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Figure 2.15  Mass fragmentation pattern of methyl-4-methylbenzoate [15] 
 
The analytical mass balances for reactions carried out when using methyl 4-
methylbenzoate [15] as acylating agent are summarised in Tables 2.14 to 2.21 together 
with specific experimental details. 
  
Table 2.14 Synthesis of N-[(tert-butyl)amino](4-methylphenyl)carboxamide [25] 
using methyl 4-methylbenzoate [15] – Reaction 13 
Chemicals In Chemicals Out Method and Conditions 
methyl-4-methyl 
benzoate (42.70 g,  
284.3 mmol)  
(in toluene 30.72 g and 
methanol 60.51g)  
NaOH 
(20.80g; 520.0 mmol)  
 (in 30 mL water) 
t-BH.HCl 
(62.84 g ; 49.8 mmol) 
Methanol 
50 mL 
After 140 hours  
GC-MS analysis showed  
[25] = 25.0% 
[15] = 69.0% 
[16] =  6.0%  
 
 
Load reactor with  50 mL  
methanol, t-BH.HCl, and  
NaOH solution. 
Add methyl-4- 
methylbenzoate (in 30 g  
toluene and 60 g methanol). 
Increase the temperature to 
reflux and react over 140 
hours. An additional 200 mL 
toluene was added in order to 
maintain the recycling of 
solvent. 
 
Tot. Mass In = 290.57g 
Aq. Effluent = 42.65 g (Not  
analyzed) 
Product = 41.72 g 
[25] = 97.7% 
[15] = 1.2%  
Org. Effluent = 190.22g (Not  
Analyzed)  
Tot. Mass Out = 287.59g 
Filter and wash the reaction  
slurry with water to remove 
 the salts and toluene to 
 remove the unreacted  
methyl-4-methylbenzoate.   
  
 
Although certain literature reported methods claim that temperatures between 0 and 
10oC are suitable for acylation reactions using methyl-4-methylbenzoate [15] ,157 we have 
found that the ester tend to crystallize or remain insoluble at these temperatures.  In 
addition, reactions involving the t-butylhydrazine [10], reactions are very sluggish, so 
much so that appreciable product formation is only observed at reactions above 100oC. 
Even at the reflux temperature of toluene, the reaction produces only a small amount of 
the desired N-[(tert-butyl)amino](4-methylphenyl)carboxamide [25] with significant 
amounts of unreacted methyl 4-methylbenzoate [15] (69%) and 4-methylbenzoic acid 
[11] (6%).   
 
Despite the relatively low yield of N-[(tert-butyl)amino](4-methylphenyl)carboxamide [25], 
the reaction appears to be very specific as no trace of the undesired isomer, N-amino-N-
(tert-butyl)(4-methylphenyl)carboxamide [26] was observed. 
  
A series of experiments were performed in a microwave reactor under conditions of 
elevated temperature and pressure in order to evaluate the feasibility of reducing the 
long reaction times.  
 
To establish some base for comparison, a first reaction was carried out using ethyl 
acetate as the solvent at atmospheric pressure and under reflux conditions. Table 2.15 
below lists the reagents, microwave conditions and results obtained for this reaction.  
 
Table 2.15 Conditions used during microwave assisted reactions – Reaction 14 
Chemicals In Chemicals Out Microwave conditions 
t-BH.HCl 
  5.10g (40.9 mmol) 
     Temp  and  Pressure  
70oC ; 0 psi  
Methyl 4-methylbenzoate  
6.20g (41.0 mmol) 
 Power  3 W 
KOH (1:1) 
2.17g (36.7 mmol)  
dissolved in  
5.45mL water  
 
 
 
Product = 13.47g 
Time 200 min 
Ethyl acetate 
50 mL 
Ethyl acetate in Dean and 
Stark 10 mL 
 
[25] = 0% 
[15] = 98.0%  
[47] = 2.0% 
 
 
 
As indicated in the Table above, no product was formed apart from N-[(tert-
butyl)amino]acetamide [47] which result from the reaction between the ethyl acetate 
solvent and the t-butylhydrazine [10].   
 
In order to evaluate the effects of increased temperature and pressure, a stoppered vial, 
fitted with pressure relief valve, containing the reaction mixture was used as reaction 
vessel in the microwave chamber. Table 2.16 below lists the reagents, experimental 
conditions and results obtained for a second reaction carried out using ethyl acetate as 
the reaction solvent under elevated temperature and pressure. 
 
 
 
 
  
Table 2.16 Conditions used during microwave assisted reactions – Reaction 15 
Chemicals In Chemicals Out Microwave conditions 
t-BH.HCl  
  (0.50 g ; 4.0 mmol) 
     
Temp  and  Pressure  
120oC ; 50 psi  
Methyl 4-methylbenzoate  
(0.60g; 4.0 mmol) 
 
Power  70 W 
KOH  
(0.27g; 4.9 mmol)  
(in 0.55 mL water) 
 
 
 
Product = 1.37g 
Time 20 min 
Ethyl acetate 
5 mL 
[25] = 1.0%   
[11] =3.4 %  
[15] =92.0% 
 
 
Increasing the pressure to 50 psi at a reaction temperature of 120oC for a reaction time 
of 20 minutes resulted in approximately 1.0 % of N-[(tert-butyl)amino] (4-
methylphenyl)carboxamide [25], but also produced ~ 3.4 % 4-methyl benzoic acid [11]. 
About 92% of the methyl 4-methyl benzoate [15] was recovered unchanged.  
 
In order to achieve even higher reaction temperatures, toluene was used as reaction 
solvent because of its higher boiling point. Table 2.17 below lists the reagents, 
experimental conditions and results obtained for this reaction which was carried out at an 
increased reaction temperature of 148oC at a pressure of 50 psi.   
 
Table 2.17 Conditions during microwave assisted reactions- Reaction 16 
Chemicals In Chemicals Out Microwave conditions 
t-BH.HCl  
  (0.51 g ; 4.1 mmol) 
     Temp  and  Pressure  
148oC ; 50 psi  
Methyl 4-methylbenzoate 
(0.63 g;  4.2 mmol) 
 Power  80 W 
KOH  
(0.23 g; 4.2 mmol) 
dissolved in 0.55 mL water 
 
 
 
Product mass = 1.37g 
Time 180 min 
Toluene 
5 mL 
[25] = 17.3%  
[11] = 9.8%  
[15] = 72.0% 
 
  
 
Increasing the reaction temperature to 148oC, albeit over a longer reaction time, resulted 
in approximately 17% of N-[(tert-butyl)amino] (4-methylphenyl)carboxamide [25], 9.8% 4-
methyl benzoic acid [11], with about 72% methyl 4-methyl benzoate [15] remaining 
unchanged.  
 
Further reactions were performed in the absence of any solvent so as to attempt an 
increase in the number of potential reactive collisions. Microwave irradiation has 
especially been used for performing solvent-free reactions.158,159  
 
In the first solventless reaction, the reaction vial was loaded with t-butylhydrazine.HCl, 
[10] and KOH in a 1:1 molar ratio together with methyl 4-methylbenzoate [15]. Table 
2.18 below lists the reaction conditions and the results obtained. Under these conditions 
and using a microwave power of 80W, a reaction temperature of 118oC, at a pressure of 
50 psi could be achieved.  Neither organic solvent nor water was added to this reaction. 
 
Table 2.18 Conditions during microwave assisted reactions – Reaction 17 
Chemicals In Chemicals Out Microwave conditions 
t-BH.HCl  
  (2.31 g ; 18.5 mmol) 
     Temp  and  Pressure  
118oC ; 50 psi  
Methyl 4-methylbenzoate 
(1.35 g; 9.0 mmol) 
 
 
Product = 4.65g 
Power  80 W 
KOH  
(0.98 g; 17.5 mmol) 
[25] = 56.0%   
[11] = 37.0%  
[15] = 6.9% 
Time 60 min 
 
 
When performing the reaction under solventless conditions, the major product is N-[(tert-
butyl)amino](methylphenyl)carboxamide [25]. A relatively small amount (6.9 %) of 
unreacted methyl 4-methylbenzoate [15] remained.  The amount of 4-methylbenzoic acid 
[11] formed surprisingly also increases significantly to about 37 %.  Apparently these 
conditions favour both product formation and methyl 4-methylbenzoate hydrolysis.  
 
In an attempt to reduce the extent of hydrolysis of the methyl 4-methylbenzoate [15], 
weaker inorganic bases, and in different combinations, were tested under the solventless 
  
microwave conditions.  These were K2CO3, Na2CO3, NaHCO3 and KOH in combination 
and KHCO3 and KOH in combination. Table 2.19 below lists the reagents, experimental 
conditions and results obtained when K2CO3 is used as the base. A reaction temperature 
of 120oC at a power of 2W and pressure of 40 psi could be achieved.  This reaction was 
run for 30 minutes.  
 
Table 2.19 Conditions during microwave assisted reactions- Reaction 18 
Chemicals In Chemicals Out Microwave conditions 
t-BH.HCl  
 (1.22 g ; 9.8 mmol) 
     Temp  and  Pressure  
120oC ; 40 psi  
Methyl 4-methylbenzoate 
(1.42 g; 9.4 mmol) 
 
 
Product = 5.63g 
Power  2 W 
K2CO3 (1:2) 
(2.99 g; 18.12 mmol) 
[25] = 54.0%   
[47] = 19.0% 
[15] = 24.0%  
Time 30 min 
 
 
Using K2CO3 as base in a solvent-less system gave 54.0 % of N-[(tert-butyl)amino] (4-
methylphenyl)carboxamide [25],  significantly reduced 19 % of 4-methyl benzoic acid  
[11] and  24.0 % unreacted methyl 4-methyl benzoate [15]. 
 
Table 2.20 below lists the reagents, experimental conditions and results obtained when 
Na2CO3 is used as the base under similar solvent-less conditions.  
 
 Table 2.20 Conditions during microwave assisted reactions – Reaction 19 
Chemicals In Chemicals Out Microwave conditions 
t-BH.HCl  
  (0.50 g ; 4.0 mmol) 
     Temp  and  Pressure  
120oC ; 180 psi  
Methyl 4-methylbenzoate 
(0.60 g; 4.0 mmol) 
 Power  50 W 
Na2CO3 (1:1.5) 
(0.61 g; 5.8 mmol) 
[25] = 75.0%   
[11] = 24.0%  
Time 180 min 
 
 
  
Using Na2CO3 as base in a solvent-less system gave 75.0% N-[(tert-butyl)amino] (4-
methylphenyl)carboxamide [25] , 24.0% 4-methylbenzoic acid [11] with no unreacted 
methyl 4-methyl benzoate [15].   
Table 2.21 below lists the reagents, experimental conditions and results obtained when 
KHCO3 and KOH were used in combination under similar solvent-less conditions.  This 
reaction was run for 180 minutes.  
  
Table 2.21 Conditions during microwave assisted reactions- Reaction 20 
Chemicals In Chemicals Out Microwave conditions 
t-BH.HCl  
  (0.53 g ; 4.3 mmol) 
     Temp  and  Pressure  
68oC ; 50 psi  
Methyl 4-methylbenzoate 
(0.59 g; 3.9 mmol) 
 Power  10 W 
KOH (1:1.5) 
(0.33 g; 5.6 mmol) 
 Time 180 min 
KHCO3 (1:1) 
(0.48 g; 4.7 mmol) 
[25] = 94.6% 
[11] =  5.4%  
 
 
 
Using KHCO3 and KOH as base in a solvent-less system resulted in an excellent yield of 
94.6% of N-[(tert-butyl)amino] (methylphenyl)carboxamide [25], whilst producing only 
5.4% 4-methyl benzoic acid [11].   
 
The results described above clearly shows that N-[(tert-butyl)amino](4-
methylphenyl)carboxamide [25] can be prepared in high yield and with excellent 
selectivity under suitable conditions using microwave technology.  It is not unreasonable 
to expect that the results achieved for the reaction where KOH and KHCO3 were used as 
the base could be optimised with increased in yields. 
 
2.11 Synthesis of N-[(tert-butyl)amino](4-methylphenyl)carboxamide [25] 
via hydrazone formation between t-butylhydrazine [10] and 4-
methylbenzaldehyde [14] 
 
This section describes the results obtained for the synthesis of the hydrazone [(1E)-2-(4-
methylphenyl)-1-azavinyl](tert-butyl)amine) [50] formed by the addition of t-
butylhydrazine to 4-methylbenzaldehyde [14], as well as attempts to convert the 
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hydrazone ([(1E)-2-(4-methylphenyl)-1-azavinyl](tert-butyl)amine)) [50] into N-[(tert-
butyl)amino](4-methylphenyl) carboxamide [25].  
 
2.11.1 Synthesis of [(1E)-2-(4-methylphenyl)-1-azavinyl](tert-butyl)amine)    
[50] 
For this investigation, the hydrochloride salt of t-butylhydrazine [10] was used as before, 
which meant that the addition of a base was required in order to liberate the free t-
butylhydrazine from its salt. (Rxn. 28). 
 
 
 
 
                                                                                                                                   
                                                                                                                                  (28)                                                                                                                                                                                            
 
 
Several preliminary experiments were performed to establish the reaction conditions 
needed to give the best hydrazone yields.  Several experiments were carried out in 
which various combinations of bases and solvents were evaluated for the production 
of.[(1E)-2-(4-methylphenyl)-1-azavinyl](tert-butyl)amine) [50]. Variations included 
changing the solvent (n-butyl acetate, ethyl acetate and toluene), the base (KOH), and 
the reaction temperature.  The results of these experiments are summarised in Table 
2.22, while Scheme 2.11 illustrates the results schematically. 
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Scheme 2.11: Synthesis of N-[(tert-butyl)amino](4-methylphenyl) carboxamide [25] 
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Table 2.22 Synthesis of  N-[(tert-butyl)amino](4-methylphenyl) carboxamide 
[25] : summary 
Rxn No. Base Solvent Rxn Temp. (oC) 
([(1E)-2-(4-
methylphenyl)
-1-
azavinyl](tert-
butyl)amine) 
[50] 
(Mole %)* 
Unreacted starting 
material 
Reaction  21 
[Ratio t-BH.HCl 
to 4-
methylbenzalde-
hyde -  1:1] 
KOH 
(1:1) Toluene 110 87 
[14] =  11.2%  
 
Reaction  22 
[Ratio t-BH.HCl 
to 4-
methylbenzalde-
hyde -  1:0.5] 
KOH 
(1:1) Toluene 110 97 
 [14] =  2.7%  
 
Reaction  23 
[Ratio t-BH.HCl 
to 4-
methylbenzalde-
hyde -  1:0.5 
and 1:1 with 
KOH] 
KOH 
(1:1) 
Ethyl 
acetate 68 98 
[14] = 1.0% 
 
Reaction  24 
[Ratio t-BH.HCl: 
KOH 
 1:2] 
KOH 
(1:2) 
Ethyl 
acetate 68 87 
[14] = 12% 
 
Reaction 25 
[Ratio t-BH.HCl 
to 4-
methylbenzalde-
hyde -  1:0.5] 
KOH 
(1:1) Toluene 110 98 
[14] = 1.0% 
 
 
These experiments were carried out in a 100 mL round bottom flask charged with (50 
mL) solvent (10 mL solvent was added to the Dean and Stark phase separator). The 
results and reaction conditions are summarized in Table 2.22 above.  Tables 2.23 to 2.27 
that follow expand on the reaction conditions and method of each experiment. 
 
 
 
 
 
 
 
 
  
 
Table 2.23 Ratio t-BH.HCl [10] to 4-methylbenzaldehyde [14] – 1:1 - Reaction 21 
Chemicals In Method and Conditions Results (mole%)* 
t-BH.HCl 
(5.02 g; 40.4 mmol) 
 
KOH  
(2.22 g; 39.6 mmol) 
in 5.45mLH2O  
 
4-Methylbenzaldehyde 
(4.83 g; 40.2 mmol) 
 
Toluene 50 mL 
 
Toluene in Dean and Stark 
separator 10 mL 
Charge the reactor with t-
BH.HCl, toluene, KOH and 4-
methylbenzaldehyde.   
Reflux at 110oC and recycle 
the solvent for 18 hours to 
facilitate the removal of water.  
[50] = 87% 
[14] = 11.2% 
*Based on 4-methylbenzadehyde 
 
Table 2.24 Ratio t-BH.HCl to 4-methylbenzaldehyde -  1:0.5 – Reaction 22 
Chemicals In Method and Conditions Results (mole%)* 
t-BH.HCl 
(5.01 g; 40.2 mmol) 
 
KOH  
(2.21g; 39.4 mmol) 
in 5.45mLH2O  
 
4-Methylbenzaldehyde 
(2.45 g; 20.4 mmol) 
 
Toluene 50 mL 
 
Toluene in Dean and Stark 
separator 10 mL 
Charge the reactor with t-
BH.HCl, toluene, KOH and 4-
methylbenzaldehyde.   
Reflux at 110oC and recycle 
the solvent for 18 hours to 
facilitate the removal of water.  
[50] = 97% 
[14] = 2.7% 
*Based on 4-methylbenzadehyde 
 
  
In Reactions 21 and 22, both carried out in toluene, the ratio of t-BH.HCl [10] to 4-
methylbenzaldehyde [14] was varied from 1:1 to 1:0.5 respectively.  The results obtained 
shown by the yield of 97% [50] suggest that the best ratio would be 1:0.5.   
 
Table 2.25 below reflects the results obtained when reaction 22 is repeated, but using 
ethyl acetate as the reaction solvent in place of toluene. 
 
Table 2.25 Ratio t-BH.HCl [10] to 4-methylbenzaldehyde [14] 1:0.5 and 1:1 with 
KOH to t-BH.HCl [10] ratio as 1:1 – Reaction 23 
Chemicals In Method and Conditions Results (mole%)* 
t-BH.HCl 
(5.0 g; 41.4 mmol) 
 
KOH  
(2.04 g; 36.9 mmol) 
dissolved in 5.45mL H2O  
 
4-Methylbenzaldehyde 
(2.46 g; 20.5 mmol) 
 
Ethyl acetate 50 mL 
 
Ethyl acetate in Dean and 
Stark separator 10 mL 
Charge the reactor with t-
BH.HCl, ethyl acetate, KOH 
and 4-methylbenzaldehyde.   
Reflux at 68oC for 4 hours to 
facilitate the removal of water. 
[50] = 98% 
[14] = 1% 
*Based on 4-methylbenzadehyde 
 
While reactions 22 and 23 differ in terms of the solvent used and the temperatures at 
which the reactions were carried out, there is no significant difference between the yields 
of [50] for these reactions.  One advantage of ethyl acetate is that it allows operation at a 
lower temperature.   
 
In a further experiment, the t-BH.HCl [10]:KOH ratio was increased further to 1:2 to 
observe whether an increased base would affect the outcome of these reactions. In 
addition reaction 25 was duplicated to confirm the previous results (reaction 22). 
 
 
 
 
  
Table 2.27 Ratio t-BH.HCl: KOH 1:2 – Reaction 24 
Chemicals In Method and Conditions Results (mole%)* 
t-BH.HCl 
(5.09 g; 40.8 mmol) 
 
KOH  
(4.35 g; 77.5 mmol) 
dissolved in 5.45mL H2O (40.0 
% solution) 
 
4-Methylbenzaldehyde 
(2.46 g; 20.5 mmol) 
 
Ethyl acetate 50 mL 
 
Ethyl acetate in Dean and 
Stark separator 10 mL 
Charge the reactor with t-
BH.HCl, ethyl acetate, KOH 
and 4-methylbenaldehyde.   
Reflux with solvent recycle 
and water removal (Dean and 
Stark) for 3 hours.  
[50] = 87% 
[14] = 12% (recovered) 
*Based on 4-methylbenzadehyde 
 
Table 2.28 Ratio t-BH.HCl to 4-methylbenzaldehyde -  1:0.5 – Reaction 25 
Chemicals In Method and Conditions Results (mole%)* 
t-BH.HCl 
(4.92 g; 39.5 mmol) 
 
KOH  
(2.20 g; 39.2 mmol) 
dissolved in 5.45 mLH2O (40.0 
% solution) 
 
4-Methylbenzaldehyde 
(2.61 g; 21.7 mmol) 
 
Toluene 50 mL 
 
Toluene in Dean and Stark 
separator 10 mL 
Charge the reactor with t-
BH.HCl, toluene, KOH and 4-
methylbenzaldehyde.   
Reflux with solvent recycle 
and water removal (Dean and 
Stark) for 4 hours.  
[50] = 98% 
[14] = 1% 
*Based on 4-methylbenzadehyde 
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Reactions 23 and 25 show a similar trend to that noted for 22 and 23, in that both gave 
yields of 98%, whether the solvent medium was ethyl acetate or toluene.    
 
The desired reaction product, [(1E)-2-(4-methylphenyl)-1-azavinyl](tert-butyl)amine) [50], 
was identified by GC-MS as shown in Figure 2.16. As discussed in section 2.6 
previously, the addition of t-butylhydrazine [10] to 4-methylbenzaldehyde [14] is 
expected to be very selective in view of the limitation in terms of the position of addition 
at N1 (unsubstituted N) only. It is therefore not surprising that the results of the above 
experiments confirm this expectation, with only one by-product, resulting from the 
reaction between t-butylhydrazine [10] and ethyl acetate, detected. As before, major by-
products formed during these reactions have been assigned on the basis of the mass 
fragmentation patterns of these compounds as illustrated below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 2.16 Mass fragmentation pattern of [(1E)-2-(4-methylphenyl)-1-
azavinyl](tert-butyl)amine [50] 
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Figure 2.17 Mass fragmentation pattern of N’-(tert-butyl)acetohydrazide 
[47] 
 
The results obtained show that the formation of the hydrazone product is influenced 
significantly by the t-BH.HCl:KOH ratio, viz. [50] 98.0% for a 1:1  (Reaction 23) 
compared to t-BH.HCl:KOH ratio of 1:2 which gave [50] 87.0% (Reaction 24).  In 
comparison, in toluene and in ethyl acetate, the hydrazone [50] yield approach 
quantitative yields (98%), even at a t-BH.HCl:KOH ratio of 1:1.   
 
2.11.2 Conversion of [(1E)-2-(4-methylphenyl)-1-azavinyl](tert-
butyl)amine) [50] to N-[(tert-butyl)amino](4-methyl 
phenyl)carboxamide [25] 
 
2.11.2.1  Bromination/hydrolysis of [(1E)-2-(4-methylphenyl)-1  
  azavinyl](tert-butyl)amine [50] 
To evaluate the formation of the N-[(tert-butyl)amino](4-methylphenyl)carboxamide [25] 
by the bromination/hydrolysis of [(1E)-2-(4-methylphenyl)-1-azavinyl](tert-butyl)amine 
[50], the bromination of [50] was first investigated. The strategy followed was to perform 
the bromination reaction in an organic solvent with the view to evaluate the formation of 
the diacylhydrazine product (N-[N-(tert-butyl)phenylcarbonylamino](4-
methylphenyl)carboxamide) [5] directly without isolation of intermediates in a subsequent 
study. 
CH3C
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CH3
NH NH C CH3
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For this investigation, [(1E)-2-(4-methylphenyl)-1-azavinyl](tert-butyl)amine [50] was 
prepared by reacting t-butylhydrazine hydrochloride [10] with 4-methylbenzaldehyde [14] 
in the presence of KOH in ethyl acetate as described previously. The product was 
isolated by neutralising the reaction mixture, washing thoroughly with cold water, and 
recovering the product by vacuum evaporation of the solvent. Table 2.29 gives the 
details for the subsequent bromination reaction, while Scheme 2.12 illustrates the 
reaction products identified from the reaction mixture. 
 
Table 2.29 Reagents and reaction conditions for bromination of [(1E)-2-(4- 
methylphenyl)-1-azavinyl](tert-butyl)amine [50] 
Chemicals In Method and Conditions Results (mole%)* 
 [50] (1.89g ; 9.94 mmol) 
 
Bromine (1.23g ; 7.7 mmol) 
  
Ethyl acetate (20 mL)  
 
A 100 mL round bottomed 
flask was charged with ethyl 
acetate and [50]. Expose the 
reaction mixture to U.V. 
radiation by using a U.V. 
lamp. The bromine was 
added drop-wise at a 
temperature of 5oC. The 
solution was left to stir for 3 
hours. A portion of the 
reaction mixture was diluted 
with methanol and analysed. 
[15] = 2.55% 
[11] = 2.98% 
[51] + [52] = 5.85% 
[53] + [54] = 72.25 
[25] = 10.69% 
Other = 5.67% 
 
  
 
 
Scheme 2.12 Products from the bromination of [(1E)-2-(4-methyl-phenyl)-1-
azavinyl](tert-butyl)amine [50] 
 
The results obtained for this bromination experiment provided promising, but somewhat 
surprising results. Firstly, it is clear that the bromination reaction is quite selective as 
most of the observed products must have been derived from an initially formed 
hydrazidic bromide, [(1Z)-2-bromo-2-(4-methylphenyl)-1-azavinyl](tert-butyl)amine [51] 
(see mass fragmentation pattern – Figure 2.18 and 2.19). A substantial amount of this 
hydrazidic bromide is surprisingly converted to N-[(tert-butyl)amino](4-
methylphenyl)carboxamide [25] (Figure 2.20) and into [(1Z)-2-methoxy-2-(4-
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methylphenyl)-1-azavinyl](tert-butyl)amine [53] (Figure 2.21 and 2.22). The latter [53] is 
clearly formed by reaction with methanol during the analysis stage when the reaction 
mixture was diluted with methanol, but it is not clear whether [25] is formed during the 
actual bromination reaction or during the analysis work-up stage.  
 
Small amounts of 4-methylbenzaldehyde [14] (most probably formed by the HBr 
catalysed hydrolysis of [(1E)-2-(4-methylphenyl)-1-azavinyl](tert-butyl)amine [51] and 4-
methylbenzoic acid [11] (most probably formed from the Br2 oxidation of 4-
methylbenzaldehyde [14] , is also observed. 
 
Interestingly both [(1Z)-2-bromo-2-(4-methylphenyl)-1-azavinyl](tert-butyl)amine [51] and 
its tautomer, (tert-butyl)[bromo(4-methylphenyl)methyl]diazene [52], as well as [(1Z)-2-
methoxy-2-(4-methylphenyl)-1-azavinyl](tert-butyl)amine [53] and its tautomer, (tert-
butyl)[methoxy(4-methylphenyl)methyl]diazene [54] may be observed in the GC-MS 
chromatogram of the reaction mixture. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.18: Mass fragmentation pattern for [(Z)-2-bromo-2-(4-methylphenyl)-1-
azavinyl](tert-butyl)amine [51]  
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Figure 2.19: Mass fragmentation pattern for (tert-butyl)[bromo(4-
methylphenyl)methyl]diazene [52] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.20: Mass fragmentation pattern for N-[(tert-butyl)amino](4-
methylphenyl)carboxamide [25] 
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Figure 2.21: Mass fragmentation pattern for [(1Z)-2-methoxy-2-(4-methylphenyl)-
1-azavinyl](tert-butyl)amine [53] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.22: Mass fragmentation pattern for (tert-butyl)[methoxy(4-
methylphenyl)methyl]diazene [54] 
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The above reaction was repeated, but following the bromination step the mixture was 
first refluxed in the presence of solid potassium hydrogen carbonate to effect hydroysis 
of the initially formed hydrazidic bromde. The experimental details for this reaction are 
summarized in Table 2.30, while Scheme 2.13 summarises the products identified from 
these reaction mixtures. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Scheme 2.13 Products from the bromination/hydrolysis of [(1E)-2-(4-methyl-phenyl)-1-
azavinyl](tert-butyl)amine [50] 
 
  
 
Table 2.30 Reagents and reaction conditions for bromination/hydrolysis of 
[(1E)-2-(4-methylphenyl)-1-azavinyl](tert-butyl)amine [50] with 
potassium hydrogen carbonate as base 
 
Chemicals In Method and Conditions Results (mole%)* 
 [(1E)-2-(4-methylphenyl)-
1-azavinyl](tert-butyl)amine 
(LXIII) 
(1.88 g ; 9.94 mmol) 
 
Bromine (1:0.8) 
(1.23 g ; 7.7 mmol) 
 
Ethyl acetate 
20 mL  
 
 A 100 mL round bottomed 
flask was charged with 20 
mL ethyl acetate, hydrazone 
solid.   
Expose the reaction mixture 
to U.V. radiation by 
Using a U.V. lamp to irradiate 
the reaction mixture during 
the addition of the bromine.  
The bromine was added 
drop-wise at a temperature of 
5oC, which was maintained 
by an ice bath.  The solution 
was left to stir and react for 2 
hours. The solution colour 
changed from orange to 
colourless. 
[50] = 18.2% 
[25] =  51.25% 
[55] = 12.20% 
[53] = 14.86% 
[53] = 0.02% 
[52] = 1.23% 
Potassium hydrogen 
carbonate 
1.0g (1.0 mmol) 
Add solid potassium 
hydrogen carbonate and 
refluxed for one hour. 
 
 
 
The results depicted above in Table 2.30 show a significant improvement in yield of [25] 
over the experiment which was not additionally refluxed in the presence of solid 
potassium hydrogen carbonate (Table 2.30). Interestingly, the presence of [50], [52], and 
[54], suggests that the hydrolysis reaction has not gone to completion allowing the 
formation of [52], and [54] during the work-up stage. 
 
Surprisingly a significant amount of ethyl 4-methylbenzoate [54] (Figure 2.23) was 
detected in the above reaction mixtures. The observation of [54] in these reaction 
mixtures, but not when the reflux step is omitted, suggests that the hydrolysis of the 
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hydrazide product [25] to free 4-methylbenzoic acid (followed by trans-esterification with 
the reaction solvent), must be taking place.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.23: Mass fragmentation pattern for ethyl 4-methylbenzoate [54] 
 
 
2.11.2.2  Oxidation of [(1E)-2-(4-methylphenyl)-1azavinyl](tert-butyl) 
amine [50] 
In a second strategy to convert [(1E)-2-(4-methylphenyl)-1-azavinyl](tert-butyl)amine [50] 
into N-[(tert-butyl)amino](4-methylphenyl)carboxamide [25], the oxidation of [(1E)-2-(4-
methylphenyl)-1-azavinyl](tert-butyl)amine [50] with peroxy acids was investigated. 
 
In a first attempt, the procedure reported by Mogilaiah160 involving the oxidation of 
hydrazone with m-chloroperbenzoic acid in the solid state was attempted. This 
experiment gave no result and only the starting material was recovered. The oxidation 
was also attempted at somewhat higher temperature (stirring in warm water (40oC) 
overnight) with exactly the same result. 
 
In a second attempt to oxidize the hydrazone [50], a solution of peracetic acid solution 
was freshly prepared161 and the oxidation attempted in the liquid phase. Table 2.31 
  
summarises the experimental details for this oxidation reaction, while Scheme 2.14 
summarises the products identified for this reaction. 
 
 
Table 2.31 Reagents and reaction conditions for oxidation of [(1E)-2-(4-
methylphenyl)-1-azavinyl](tert-butyl)amine [50] using peracetic acid 
Chemicals In Method and Conditions Results (mole%)* 
t-BH.HCl (5.07g ; 40.7 mmol) 
KOH (2.23 g ; 39.7 mmol) 
4-methylbenzaldehyde 
(2.44g ; 20.3 mmol) 
Ethyl acetate (50 mL) 
See Table 2.22   Solution used directly for 
oxidation reaction 
Peracetic acid solution :
 
6 ml of a 50% H2O2 
in 30 ml glacial acetic acid 
and 3 drops H2SO4. 
 
 
Prepare the peracetic acid in 
an ice bath and add drop-
wise to the reaction mixture 
whist stirring at 30oC.   
[15] = 18.46% 
[14]= 21.46% 
[11] = 2.06% 
[56] = 32.87% 
[50] = 6.90%   
[25] = 3.17%   
* Based on 4-methylbenzaldehyde 
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Scheme 2.14 Products from the peracetic acid oxidation of [(1E)-2-(4-methyl-
phenyl)-1-azavinyl](tert-butyl)amine [50] 
 
From the above results it can be seen that oxidation with peracetic acid does result in 
some product formation. However, the reaction produces significant amounts of 
byproducts, including 4-methylbenzaldehyde [14] (probably as a result of the hydrolysis 
of the hydrazone), 4-methylbenzoic acid [11] (oxidation of 4-methylbenzaldehyde [14]), 
methyl 4-methylbenzoate [15], and 3-methyl-1-(4-methylphenyl)-2-azabut-2-en-1-one 
[56]. The latter compound is most probably formed in an acid catalysed rearrangement 
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reaction that involves elimination of ammonia (as NH4+) in a manner analogous to the 
rearrangement of the Fisher Indole synthesis.162, 163  Figure 2.24 shows the mass 
fragmentation pattern and proposed fragmentation for this reaction product. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.24: Mass fragmentation pattern for 3-methyl-1-(4-methylphenyl)-2-
azabut-2-en-1-one [55]. 
 
  
2.12 Summary and concluding remarks 
In this chapter the synthesis of the mono-acylhydrazine, N-[(tert-butyl)amino](4-
methylphenyl)carboxamide [25] from hydrochloride salt of tert-butylhydrazine [10] has 
been considered. This particular step in the synthesis of unsymmetrical diacylhydrazines 
of the type [1] is particularly challenging in view of the possibility of forming undesired 
isomers. For the purpose of this investigation, two potential routes, namely the acylation 
of tert-butylhydrazine.HCl [10] by various acylating agents, and via the hydrazono-de-
oxo-bisubstitution of 4-methylbenzaldehyde [14] by tert-butylhydrazine.HCl, were 
investigated in some detail with the view to identify the route with the highest potential for 
high selectivity to the desired product [25]. 
 
The results of the acylation route show that tert-butylhydrazine can be successfully 
acylated with a variety of acylating agents, albeit with differing selectivities and with 
differing energy requirements.  
 
Acylation using 4-methylbenzoyl chloride can produce the desired product N-[(tert-
butyl)amino](4-methylphenyl)carboxamide [25] in yields above 90%, but this reaction 
produces a variety of by-products, including the “wrong” isomer (N-amino-N-(tert-
butyl)(4-methylphenyl)carboxamide [26]). Unexpected byproducts for this particular 
acylation reaction, not previously reported in the literature have also been identified 
during this investigation.  This includes a de-butylated diacylhydrazine, (4-methylphenyl)-
N-[(4-methylphenyl)carbonylamino]carboxamide [46]. While it is not quite clear how this 
byproduct results, the observation that an equivalently de-butylated mono-acylhydrazine 
was never detected during the investigation suggests that the de-butylation most 
probably results from the corresponding diacylhydrazine. 
 
Acylation of the hydrochloride salt of tert-butylhydrazine using benzoic acid under normal 
laboratory conditions (using conventional heating techniques) provided (not surprisingly) 
very poor results. However, some experiments using a microwave reactor system under 
essentially solventless conditions gave promising results (~35% of N-[(tert-
butyl)amino](4-methylphenyl)carboxamide [25]). Unfortunately instrumental problems 
with the microwave reactor precluded a more detailed investigation of this potential route 
which is certainly worth further investigation. Of particular interest would the the inclusion 
of catalysts capable of “activating” the benzoic acid under solventless conditions.  
 
  
From a selectivity point of view, acylation of the hydrochloride salt of tert-butylhydrazine 
using methyl 4-methylbenzoate [15] as acylating agent provided exceptional selectivity to 
the desired product [25], but at the cost of significantly higher energy requirements. The 
use of microwave irradiation can, however, significantly reduce these energy 
requirements as the reaction times required to reach near quantitative yields of the 
desired product is significantly reduced under microwave conditions. The only byproduct 
of some concern is the formation of free benzoic acid due to the hydrolysis of either the 
methyl-4-methylbenzoate, or the reaction product.  
 
Although the reaction between tert-butylhydrazine and 4-methylbenzaldehyde is very 
selective giving near quantitative yields of the desired hydrazone [50], the subsequent 
conversion of the hydrazone into the desired mono-acylhydrazine [25] is problematic. 
The most promising route appears via bromination to form the hydrazidic bromide, 
followed by hydrolysis of the hydrazidic bromide. Yields for the bromination reaction 
during this investigation were somewhat higher than that reported previously in literature. 
Hydrolysis of the hydrazidc bromide [51], apparently also results in the hydrolysis of the 
reaction product to give an ester of the free acid (when an ester solvent is used). 
Attempts to oxidize the hydrazone directly using peracetic acids gave poor results and, 
apart from safety comcerns with these oxidation reactions, gave a variety of byproducts. 
 
In conclusion, the results obtained during this investigation for the synthesis of the 
unsymmetrical mono-acylhydrazine [25], where the initial substitution on the 
unsubstituted nitrogen is favoured over substitution on the substituted nitrogen due to 
stereochemical factors, strongly suggests that the acylation of the substituted hydrazine 
should be carried out by using an ester as acylating agent. The outcome of these 
reactions can be further improved by using microwave irradiation instead of normal 
heating methods. 
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CHAPTER 3 
SYNTHESIS OF N-[N-(TERT-BUTYL)PHENYLCARBONYL-
AMINO](4-METHYLPHENYL)CARBOXAMIDE 
 
 
3.1 General 
This chapter considers the second step of the diacylhydrazine synthesis from an initially 
formed monoacylhydrazine. In particular, it concerns the formation of N-[N-(tert-
butyl)phenylcarbonylamino](4-methylphenyl)carboxamide [5] from N-[(tert-
butyl)amino](4-methylphenyl)carboxamide [25] (Eqn. 3.1). 
  
 
 
               (3.1) 
 
 
 
The chemistry involved during acylation reactions using typical acylating reagents, such 
as acid chlorides, acids, or carboxylic acid esters, at N2 of the monoacylhydrazine is 
exactly similar to that discussed in Chapter 2, and monoacylhydrazine are generally 
readily acylated by acyl chlorides or anhydrides 94 in a variety of solvents (e.g. ether, 
aqueous NaOH, triethylamine, chloroform, pyridine, and xylene)110, 164-169 to give 1,2-
diacylhydrazines. The further acylation of 1,2-diacylhydrazines are generally difficult as 
the remaining NH groups are only weakly nucleophilic. As a result, the selectivity of 
monoacylhydrazine acylations are generally quite high as substitution at the “wrong 
nitrogen” is not a problem as in the case of the acylation of hydrazine or alkyl substituted 
hydrazine. 
 
Although selectivity of monoacylhydrazines acylations is high, there can be significant 
reactivity differences. These reactivity differences have been the subject of many kinetic 
investigations.170-176  These studies have shown that for reactions of the type (3.2) that: 
  
 
 
• Reactions are second order; 
• The rate of acylation depends on both the nature of R3 in the attacking 
nucleophile, as well as the nature of R2 present on position N2 of the hydrazide. 
Thus, the rate of acylation is increased if R2 is electron releasing, but decreased if 
R2 is electron withdrawing. Similarly if R3 is electron withdrawing, the rate of 
acylation is increased, but decreased if R3 is electron releasing. 
 
As in the case of the acylation of substituted hydrazines, one can expect that the 
stereochemistry of R2 will also influence the rate of acylation at position N2 of 
monocylhydrazines. Thus, large R2 groups such as the tert-butyl group will reduce 
the rate of substitution relative to smaller groups such as methyl groups. 
 
3.2 Acylation of N-[(tert-butyl)amino](4-methylphenyl)carboxamide [25]        
with benzoyl chloride  
 
In this section the results obtained for the acylation of N-[N-(tert-butyl)phenylcarbonyl-
amino](4-methylphenyl)carboxamide with benzoyl chloride is discussed.  
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A series of experiments were performed to evaluate the factors that influence the 
formation of N-[N-(tert-butyl)phenylcarbonylamino](4-methylphenyl)carboxamide [5]. 
Variations made to the synthetic methods included changing the solvent (ethyl acetate 
and n-butyl acetate), the base (KOH, NaOH, and a combination of NaOH with Na2CO3), 
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and the reaction temperature. The results of these experiments are summarized in Table 
3.1. Scheme 3.1 lists the products and by-products identified during these reactions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Scheme 3.1 Acylation of N-[(tert-butyl)amino](4-methylphenyl) carboxamide [25] 
with benzoyl chloride 
 
The identity of the major by-products was determined from the mass fragmentation 
patterns of the respective components identified by means of GC-MS as illustrated in 
Figures 3.1 – 3.2. Tables 3.2 and 3.3 give brief analytical mass balances for each of the 
reactions listed in Table 3.1 
 
Table 3.1 Acylation of N-[(tert-butyl)amino](4-methylphenyl)carboxamide with 
benzoyl chloride: Summary 
 
Rxn No. Base Solvent Rxn 
Temp. 
(oC) 
[5] 
(Mole %)* 
By-products 
26 NaOH ethyl acetate 45 70.0 [25] 
[16] 
27 KOH n-butyl acetate 65 83.7 [25] 
[16] 
• - Based on N-[(tert-butyl)amino](4-methylphenyl)carboxamide 
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The product N-[N-(tert-butyl)phenylcarbonyl-amino](4-methylphenyl)carboxamide [5] was 
identified by means of GC MS and the fragmentation pattern is illustrated in Figure 3.1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.1 Mass fragmentation pattern N-[N-(tert-butyl)phenylcarbonyl-amino](4-
methylphenyl)carboxamide [5] 
 
The other major by-product formed from the hydrolysis of  benzoyl chloride to produce 
benzoic acid [13].  The mass fragmentation pattern is shown in Figure 3.2. 
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Figure 3.2  Mass fragmentation pattern for benzoic acid [13] 
 
 
Table 3.2 lists the results obtained for the synthesis of N-[N-(tert-butyl)phenylcarbonyl-
amino](4-methylphenyl)carboxamide [5] using NaOH as base and ethyl acetate as the 
reaction solvent, while Table 3.3 summarises the results for KOH in n-butyl acetate.   
 
  
Table 3.2 NaOH used as a base in ethyl acetate for the synthesis of N-[N-(tert-
butyl)phenylcarbonyl-amino](4-methylphenyl)carboxamide [5] 
Chemicals In Chemicals Out Method and Conditions 
N-[(tert-butyl)amino](4-
methylphenyl) 
carboxamide 
(5.45 g; 26,49 mmol) 
 
Benzoyl chloride 
(3.96 g; 28.2 mmol) 
 
Ethyl acetate 
(7.2g) 
 
NaOH 
(1.20 g; 29.9 mmol) 
 
H2O 
(4.09 g; 227.4 mmol) 
 
 
Load reactor with ethyl acetate, 
 N-[(tert-butyl)amino](4-methyl 
phenyl)carboxamide [25] and  
add benzoyl chloride in  
ethyl acetate (7.20g) 
and NaOH (in 4.09g  H2O)  
dropwise,  simultaneously at 45oC. 
Increase the temperature to 65oC.  
React for 20 minutes.  
 
Aq effluent = 7.58g  
(not analyzed) 
 
Solid (NaCl) filtered 
1.48g  
 
Product=5.71g 
 
[5] = 70% 
[13] = 2.1% 
[25] = 27% 
 
Filtrate 
5.90g  
 
Water in the phase separator was 
recovered and weighed. Filter the hot 
reaction mixture to recover the salts 
which were dried and weighed.  The 
filtrate was evaporated off and the 
remaining solids were dried and 
weighed.  
Tot Mass In = 21.g Tot. Mass Out = 20.67g  
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Table 3.3 KOH used as a base in n-butyl acetate for the synthesis of N-[N-(tert-
butyl)phenylcarbonyl-amino](4-methylphenyl)carboxamide [5] 
Chemicals In Chemicals Out  Method and Conditions 
N-[(tert-butyl)amino] 
(4-methylphenyl) 
carboxamide  
(3.98 g; 19.4 mmol)  
 
KOH 
(2.60 g; 46.3 mmol) 
 
n-Butyl acetate 
(12.53 g; 108 mmol) 
 
H2O 
(5.30 g; 293.2 mmol) 
 
Benzoyl chloride 
(3.34 g; 23.7 mmol) 
 
Load reactor with n-butyl  
acetate, N-[(tert-butyl)amino](4-
methylphenyl)carboxamide  [25] 
and KOH (2.60g (46.3 mmol)) 
dissolved in 5.30g, (293.2 mmol) 
 
H2O and benzoyl  
chloride (3.34g (23.7 mmol),  
dropwise, simultaneously over a  
period of 20 minutes. 
After the addition increase the  
temperature to 700C and react for  
20 minutes. 
Water washings 
 
Aq effluent = 17.14g  
(not analyzed) 
 
Solid (NaCl) filtered 
1.08g  
 
Product=4.85g 
[5] = 83.7% 
[13] = 2.7% 
[25] = 10.1% 
 
Filtrate 
11.90g  
 
The slurry that formed was 
washed with water, the organic 
layer separated, evaporated and 
the solid dried. 
Tot. Mass In = 35.80g Tot. Mass out = 34.97g  
 
 
 
The results summarized above show that, as expected, the reaction beween N-[(tert-
butyl)amino](4-methylphenyl)carboxamide [25] and benzoyl chloride is quite selective, 
the only byproduct being benzoic acid. The presence of the unreacted N-[(tert-
butyl)amino](4-methylphenyl)carboxamide indicate that the reaction has not yet gone to 
completion and that an increase in reaction time is probably still required. 
 
 
 
 
 
 
  
3.3 Microwave reactions for the synthesis of N-[N-(tert-butyl)-
phenylcarbonyl-amino](4-methylphenyl)carboxamide [5] 
 
The acylation of N-[(tert-butyl)amino](methylphenyl)carboxamide [25] with benzoyl 
chloride was also investigated microwave conditions to evaluate whether microwave 
irradiation provides any significant advantages over normal heating for this acylation 
step. The N-[(tert-butyl)amino](methylphenyl)carboxamide used during this part of the 
investigation was isolated as per section 2.10.1, reaction 2.   
 
3.3.1 Benzoyl chloride [12] for the second step of the synthesis 
Table 3.4 below lists the reagents, microwave conditions and results obtained where 
benzoyl chloride [12] was added to isolated N-[(tert-butyl)amino](methylphenyl)carbox- 
amide [25] in ethyl acetate.   Due to the exothermic reaction of acyl chlorides, milder 
microwave reaction conditions were used.  The temperature was maintained at 68oC at a 
power of 45 W and the pressure was 40 psi.  This reaction was run for 20 minutes.  
 
Table 3.4 Conditions during microwave assisted reactions 
Chemicals In Chemicals Out Microwave conditions 
N-[(tert-butyl)amino] 
(methylphenyl) 
carboxamide [25] 
  (0.28 g; 1.4 mmol) 
 
Benzoyl chloride 
(0.29 g; 1.9 mmol) 
 
Triethyl amine 
(0.31g; 3.09 mmol) 
 
Ethyl acetate 
(1 mL) 
 
  Product = 1.65g 
 
[25] = 12.5%,   
[13] = 44.0% 
[5] = 33.0%  
 
 
 
 
 
Temp  and  Pressure  
68oC ; 40 psi  
 
Power  45 W 
 
Time 20 min 
Tot. Mass In = 1.68 g Tot. Mass Out = 1.65g  
 
 
  
Under the above conditions, the main reaction product is benzoic acid, formed from the 
hydrolysis of the benzoyl chloride. In an attempt to reduce the extent of hydrolysis of the 
benzoyl chloride, it was decided to perform a second series of reactions under 
essentially solventless reaction conditions by employing triethylamine as the base. 
 
Table 3.5 Acylation under solventless microwave conditions 
 
Chemicals In Chemicals Out Microwave conditions 
N-[(tert-butyl)amino] 
(methylphenyl) 
carboxamide [25] 
  (0.27 g; 1.34 mmol) 
 
  Benzoyl chloride  
(0.29 g; 2.13 mmol) 
 
Triethylamine (2.0 mL) 
  Product = 1.98 g 
 
[25] – 0.421% 
 [5] – 86.65% 
[46] - 5.86% 
Other – 7.11% 
 
 
Temp  and  Pressure  
81oC ; 7 psi  
Power  33 W 
Time 60 min 
Tot. Mass In = 2.01g Tot. Mass Out = 1.98 g  
 
 
The above modification gave significantly improved results wth an 86% yield of the 
desired product N-[N-(tert-butyl)phenylcarbonylamino](4-methylphenyl)carboxamide [5]. 
The GC-MS trace of these reaction mixtures, however, showed the presence of several 
byproducts (not identified) which makes this approach somewhat less attractive than the 
normal acylation described previously. 
 
3.3.2 Methyl benzoate for the second step of the synthesis 
As discussed previously in Section 2.3, the acylation of hydrazine by carboxylic acid 
esters is strongly influenced by stereochemical factors.114-117 It was therefore expected 
that the use of benzoic acid esters as acylating agent for the second acylation step would 
be less feasible than using benzoyl chloride, for example. In order to evaluate whether 
the use of microwave irradiation would promote the conversion of N-[(tert-butyl)amino] 
(methylphenyl)carboxamide to N-[N-(tert-butyl)phenylcarbonylamino](4-methylphenyl)-
carboxamide by using methyl benzoate as the acylating agent, a reaction was carried out 
using the conditions described previously in Table 2.20 for the synthesis of N-[(tert-
  
butyl)amino] (methylphenyl)carboxamide from tert-butylhydrazine and methyl 4-
methylbenzoate. Analysis of the reaction mixture after three hours reaction time did not 
show any trace of product and no further work was performed on this route.  
 
3.4 Evaluation of the synthesis of N-[N-(tert-butyl)phenylcarbonyl-
amino](4-methylphenyl)carboxamide [5] via [(1E)-2-(4-methylphenyl)-
1-azavinyl](tert-butyl)amine [50] 
 
In order to evaluate the possibility of synthesizing N-[N-(tert-
butyl)phenylcarbonylamino](4-methylphenyl)carboxamide [5] via [(1E)-2-(4-
methylphenyl)-1-azavinyl](tert-butyl)amine [50], three strategies are possible. These are:  
(a) to first convert the hydrazone, [(1E)-2-(4-methylphenyl)-1-azavinyl](tert-butyl)amine 
[50], by bromination/hydrolysis into N-[(tert-butyl)amino](4-methylphenyl)carboxamide 
[25] and then acylate in the normal manner as discussed above (Scheme 3.2); (b) To 
perform the bromination/hydrolysis of [(1E)-2-(4-methylphenyl)-1-azavinyl](tert-
butyl)amine [50] and the acylation of the resultant N-[(tert-butyl)amino](4-
methylphenyl)carboxamide [25] in a one-pot reaction (Scheme 3.3); and (c) To first 
acylate [(1E)-2-(4-methylphenyl)-1-azavinyl](tert-butyl)amine [50] using benzoyl chloride 
[12] as acylating agent to form N-[(1E)-2-(4-methylphenyl)-1-azavinyl]-N-(tert-
butyl)benzamide [57], followed by the bromination and hydrolysis of the N-[(1E)-2-(4-
methylphenyl)-1-azavinyl]-N-(tert-butyl)benzamide [57] to the final product N-[N-(tert-
butyl)phenylcarbonylamino](4-methylphenyl)carboxamide [5] (Scheme 3.4). 
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Scheme 3.2 Strategy (a): Bromination/hydrolysis followed acylation 
 
 
 
 
 
 
 
 
 
 
Scheme 3.3 Simultaneous bromination/hydrolysis and acylation  
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Scheme 3.4 Acylation of [(1E)-2-(4-methylphenyl)-1-azavinyl](tert-butyl)amine 
[51] followed by bromination/hydrolysis 
 
3.4.1 Bromination/hydrolysis of [(1E)-2-(4-methylphenyl)-1-
azavinyl](tert-butyl)amine [51] followed by acylation 
The conversion of [(1E)-2-(4-methylphenyl)-1-azavinyl](tert-butyl)amine [50] into N-[(tert-
butyl)amino](4-methylphenyl)carboxamide [25] has been discussed earlier in Section 
2.11, while the subsequent acylation step would be the same as discussed earlier under 
Section 3.2. 
  
3.4.2 Simultaneous bromination/hydrolysis and acylation 
To investigate the potential to produce the final diacyl hydrazine product without the 
intermediate isolation of N-[(tert-butyl)amino](4-methylphenyl)carboxamide [25], formed 
by the bromination/hydrolysis of the hydrazone, [(1E)-2-(4-methylphenyl)-1-azavinyl](tert-
butyl)amine [50], two series of experiments were carried in which the simultaneous 
bromination/hydrolysis and acylation of [(1E)-2-(4-methylphenyl)-1-azavinyl](tert-
butyl)amine [50] was attempted without prior isolation. 
  
 
In the first series of experiments, the bromination/hydrolysis and acylation reactions were 
performed under standard laboratory conditions using the procedure and conditions 
described in Table 3.5. The reaction products were identified by means of GC-MS 
analysis as described previously. 
 
Table 3.5 Simultaneous bromination/hydrolysis and acylation under standard 
laboratory conditions 
Chemicals In Results (mole%)* Method and Conditions 
t-BH.HCl 
(5.078 g; 40.8 mmol) 
 
KOH 
(2.26 g; 38.5mmol) 
 
4-Methylbenzaldehyde 
(2.49 g; 20.7 mmol) 
 
Ethyl acetate  
(50 mL) 
  See Tables 2.23 – 2.25   
Bromine  
(6.35 g; 39.7 mmol) 
diluted to 20 ml with 
ethyl acetate 
 
 
 
 
 
Product = 9.82 
See Table 2.28 
 
Benzoyl chloride  
(2.86 g; 20.4 mmol) 
 
KOH  
(2.23 g; 39.8 mmol) 
[11] = 0.8% 
[14] = 0.9% 
[50] = 3.67% 
[25] = 94.5% 
[5] = 2% 
Add the benzoyl chloride and KOH 
(in 4.55 ml water 252.2 mmol)  
The solution was left to stir and 
react for 5 hours.  Leave to stir 
overnight at room temperature 
 
The above results show that only trace amounts of the desired diacylhydrazine product 
[5] is obtained, the major reaction product being N-[(tert-butyl)amino](4-
methylphenyl)carboxamide [25], formed via the bromination/hydrolysis of [(1E)-2-(4-
methylphenyl)-1-azavinyl](tert-butyl)amine [50]. 
 
Interestingly, a slight variation of the above procedure where benzoic acid is used as 
acylating agent in place of benzoyl chloride gave significantly improved results. Table 3.6 
  
summarizes the reaction conditions, materials used and results obtained for this 
experiment. 
 
Table 3.6 Simultaneous bromination/hydrolysis and acylation: Benzoic acid as 
acylaing agent 
Chemicals In Results (mole%)* Method and Conditions 
t-BH.HCl 
(5.04 g; 40.4 mmol) 
 
KOH (in 5.45 mL H2O) 
(2.18 g; 37.4 mmol) 
 
4-Methylbenzaldehyde 
(2.42 g; 20.2 mmol) 
 
Ethyl acetate  
(50 mL) 
  See Tables 2.23 – 2.25   
Benzoic acid  
(2.44 g; 20.0 mmol) 
 
Triethylamine  
(3.04 g; 30.02 mmol) 
 
 
 
 
 
Product =9.64g 
Following the reflux step (above), 
add the benzoic acid and 
triethylamine to the reaction 
mixture. 
 
Bromine  
(6.39 g; 40.0 mmol)  
 
[11] = 1.51% 
[53] = 0.85% 
[54] = 1.88% 
[25] = 0% 
[5] = 80.67% 
Other = 15.09% 
Use a U.V. lamp to irradiate the 
reaction mixture during the addition 
of the bromine.  The bromine was 
added drop-wise over 1 hour, 
during the addition an ice bath was 
used to keep the temperature 
below 5oC. Stir the mixture for a 
further 5 hours at 5oC, filter to 
remove the solid product, and 
wash with water before drying 
under vacuum. 
 
  
The above results suggest that benzoic acid is probably converted by bromine (or HBr) 
to active benzoyl bromide, which acts as the actual acylating agent. In order to test this 
hypothesis, sodium benzoate which is not an acylating agent but which is often used to 
  
synthesize benzoyl bromide, was used in a replicate experiment to the above, but with 
the sodium benzoate replacing the benzoic acid (Table 3.7).  
 
Table 3.7 Simultaneous bromination/hydrolysis and acylation: Sodium 
benzoate as acylaing agent 
Chemicals In Results (mole%)* Method and Conditions 
t-BH.HCl 
(5.11 g; 41.0 mmol) 
 
KOH (in 5.45 mL H2O) 
(2.16 g; 38.5 mmol) 
 
4-Methylbenzaldehyde 
(2.45 g; 20.4 mmol) 
 
Ethyl acetate  
(50 mL) 
  See Tables 2.23 – 2.25   
Bromine  
(6.50 g; 41.0 mmol)  
 
 
 
 
 
 
 
 
Product = 9.72 g 
Use a U.V. lamp to irradiate the 
reaction mixture during the addition 
of the bromine.  The bromine was 
added drop-wise over 1 hour, 
during the addition an ice bath was 
used to keep the temperature 
below 5oC.. 
 
Sodium benzoate  
(6.50 g; 41.0 mmol)  
 
[11] = 23.29% 
[14] = 3.25% 
[15] = 26.32% 
[25] = 30.40% 
[5] = 12.08% 
[51] = 4.63% 
 
Add sodium benzoate to mixture, 
allow temperature to increase to 
25oC, and stir the mixture for a 
further 72 hours at 25oC. 
 
  
While the above reaction results in a complex mixture of products, the desired reaction 
product N-[N-(tert-butyl)phenylcarbonylamino](4-methyl phenyl)carboxamide [5] is also 
observed. This confirms the conversion of sodium benzoate (and most likely also 
benzoic acid) to benzoyl bromide which can act as acylating agent in the acylation of the 
  
substituted nitrogen. The formation of the other products observed during this experiment 
has been commented on previously.   
 
3.5 Summary and conclusive remarks 
In this chapter the synthesis of N-[N-(tert-butyl)phenylcarbonylamino](4-methyl 
phenyl)carboxamide [5] was briefly considered to evaluate essentially two approaches, 
namely: 
• The conversion of the monoacylhydrazine, N-[(tert-butyl)amino](4-
methylphenyl)carboxamide [25], by acylating with either benzoyl chloride or 
methyl benzoate; and 
• The one-pot conversion of the hydrazone, [(1E)-2-(4-methylphenyl)-1-
azavinyl](tert-butyl)amine [50], by bromination/hydrolysis and acylation. In this 
case, benzoyl chloride, benzoic acid were evaluated as potential-chelating 
agents. 
 
The results obtained suggests that the normal acylation reaction (of N-[(tert-
butyl)amino](4-methylphenyl)carboxamide to N-[N-(tert-butyl)phenylcarbonylamino](4-
methyl phenyl)carboxamide is best carried out using benzoyl chloride as the acylating 
agent. Reactions using methylbenzoate as potential acylating agent were unsuccessful, 
probably as a result of stereochemical hindrance on N2. 
 
The conversion of hydrazone, [(1E)-2-(4-methylphenyl)-1-azavinyl](tert-butyl)amine [50], 
by bromination/hydrolysis and acylation by either benzoyl chloride or benzoic acid was 
shown to be feasible and un-optimized reactions gave the desired product in yields 
above 80%. In the case of benzoic acid as acylating agent, it is believed that the actual 
acylating agent is benzoyl bromide, formed in situ from the benzoic acid. The latter was 
confirmed by carrying out the said transformation using sodium benzoate as acylating 
agent. 
  
CHAPTER 4 
 
EXPERIMENTAL 
 
4.1 General 
 
In this section, details of the chemicals, equipment, methods of synthesis for standards 
and analytical techniques used during this investigation for the characterization of 
reaction mixtures and identification of reaction intermediates and products, are given. 
 
4.1.1 Reagents for synthesis 
All the organic reagents (Table 4.1), bases and other inorganic reagents (Table 4.2), 
used in screening experiments, their source(s) of procurement, and their respective 
grades, are listed in Tables 4.1-4.2, and were used as received, unless otherwise 
specified.  
  
Table 4.1 Organic reagents for synthesis 
Name Structure 
MM 
(g/mol) CAS No. Supplier 
Grade/ 
Purity 
t-BH.HCl 
N
t-Bu
H
NH2 HCl
 
128.16 7400-27-3 Aldrich 98% 
4-Methylbenzoyl chloride 
(p-Toluoyl chloride) 
CH3
O
Cl
 
154.6 874-60-2 Merck 98% 
4-Methylbenzoic acid 
CH3
O
OH
 
136.15 99-94-5 Merck 98% 
Methyl 4-methylbenzoate 
R = CH3 
CH3
O
OR
 
150.18 99-75-2 Aldrich 99% 
4-Methylbenzaldehyde 
(p-Tolualdehyde) 
CH3
O
H
 
120.15 104-87-0 Aldrich 97% 
  
Benzoyl chloride O
Cl
 
140.57 98-88-4 Riedel- 
de-Haën 
98% 
Benzoic acid O
OH
 
122.12 65-85-0 Saarchem 99.7% 
Sodium benzoate O
ONa
 
144.11 532-32-1 Saarchem 99% 
Ethyl acetate CH3CO2CH2CH3 88.11 141-78-6 Saarchem AR 
Toluene CH3
 
93.13 2037-26-5 Saarchem AR 
n-Butyl acetate CH3CO2(CH2)3CH3 72.11 123-86-4 Saarchem 99% 
Methanol CH3OH 32.04 67-56-1 BDH HPLC 
 
Table 4.2  Bases used for synthesis and other inorganic reagents 
 
Name Structure 
MM 
(g/mol) CAS No. Supplier 
Grade/ 
Purity 
Potassium hydroxide 
KOH 56.11 1310-58-3 Merck/Saarchem 85% 
Potassium hydrogen 
carbonate 
KHCO3 100.12 298-14-6 Saarchem 99% 
Potassium carbonate K2CO3 165.22 584-08-7 May and Baker 99% 
Sodium hydroxide NaOH 40.00 1310-73-2 Merck/Saarchem 97% 
Sodium carbonate Na2CO3 84.01 144-55-8 Riedel- 
de-Haën 
99.7% 
Triethylamine (C2H5)3N 101.09 121-44-8 Aldrich 99% 
Bromine Br2 159.80 7726-95-6 Saarchem 99% 
Magnesium sulfate MgSO4 120.37 7487-88-9 Saarchem 99% 
 
 
4.1.2 Reagents for analysis  
The compounds listed in Table 4.3 below were used as standard materials for NMR, GC 
and GC-MS analyses.  All of these standards were prepared in the laboratory, and were 
used for the detection, identification and quantification of such materials in the various 
reactions. 
  
 
Table 4.3  Standards of the intermediates and product 
Name and Formula Structure 
MM 
(g/mol) 
 N-[(tert-butyl)amino](4-
methylphenyl)carboxamide [25] 
C12H18N2O 
 
N
N
H
O
CH3
H
CH3CH3
CH3
 
N-[(tert-butyl)amino](4-
methylphenyl)carboxamide  
206.28 
[(1E)-2-(4-methylphenyl)-1-azavinyl] 
(tert-butyl)amine [50] 
C12H18N2 
 
N
N
H
CH3
H
CH3CH3
CH3
 
190.28 
N-[N-(tert-butyl)phenylcarbonylamino] 
(4-methylphenyl)carboxamide [5] 
C19H22N2O2 
 
N
N
H
O
CH3
O
CH3CH3
CH3
 
310.39 
 
 
4.2 Synthesis of the N-[(tert-butyl)amino](4-methylphenyl)carboxamide 
[25]   
Procedures for the synthesis of N-[(tert-butyl)amino](4-methylphenyl)carboxamide [25], 
[(1E)-2-(4-methylphenyl)-1-azavinyl](tert-butyl)amine [50] and N-[N-(tert-
butyl)phenylcarbonylamino](4-methylphenyl)carboxamide [5] are described in the 
subsections that follow. 
 
  
4.2.1 General reactor setup for the synthesis of N-[(tert-butyl)amino](4-
 methylphenyl)carboxamide [25] 
This reaction was carried out in order to synthesize the intermediate N-[(tert-
butyl)amino](4-methylphenyl)carboxamide [25].  The general reactor setup was as 
follows.  An ethylene glycol solution was circulated through the reactor jacket of a 500 
mL double-walled glass reactor in order to maintain the desired reaction temperature for 
the reaction.  An overhead stirrer, set to allow for a high stirring rate, provided adequate 
agitation in the reaction vessel, and this agitation was aided by 4 baffles situated on the 
inside of the glass reactor. The reactor was tightly sealed with a Teflon seal and a 
reactor clamp in order to prevent any leaks occurring between the reactor body and lid.  
Sockets on the lid of the reactor held a thermometer, a reflux condenser fitted to a Dean 
and Stark separator and a dropping funnel, through which the 4-methylbenzoyl chloride 
was fed to the reaction mixture. 
4.2.2 Preparation of N-[(tert-butyl)amino](4-methylphenyl)carboxamide [25] 
The reactor above was charged with 150 mL toluene and t-butylhydrazine.HCl  [10] 
(34.24 g, 0.28 mol). To this was added a solution of NaOH (17.98 g, 0.449 mole in 60 mL 
water) to give a mole ratio of 1:1.6 of t-butylhydrazine.HCl:NaOH.  The resulting solution 
was then stirred and heated to 85oC.  4-Methylbenzoyl chloride [45] (31.07 g, 0.20 mol) 
was added drop-wise to this solution, and the reaction mixture was allowed to reflux for 
15 hours.  During the distillation, 70 mL water was removed.   
 
The reactor was emptied and the solids that had formed were filtered off.  The toluene 
layer was evaporated on a rotary evaporator to remove as much of the toluene as 
possible.  The filtered solids and the residues from the evaporation stage were 
combined. This slurry was extracted with ethyl acetate (three times 100 mL and washed 
with water (800 mL) to remove any chlorides.  The ethyl acetate was then removed by 
vacuum evaporation.   
 
In the present case there is a distinct difference in the 1-t-BH [26] and 2-t-BH [25] 
isomers since the presence of the t-butyl group on the nitrogen adjacent to the C-atom 
will facilitate hydrolysis by stabilisation of the positive charge on the leaving nitrogen 
atom. In the case of the 2-t-BH [25] isomer the stabilisation will be significantly less and it 
should therefore be possible to separate these isomers by means of an acid-catalysed 
hydrolysis reaction and exploiting the expected differences in rates of hydrolysis between 
the two isomers (as has indeed been described in patent US Patent No. 5672723).157    
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The following procedure was used for the separation of the 1-t-BH [26] and 2-t-BH [25] 
isomers by an acid-catalysed hydrolysis procedure: The crystalline solid obtained from 
the procedure described in Section 4.2.2 above was mixed into 38.00 g water and 61.00 
g concentrated hydrochloric acid was added at room temperature. This mixture was 
heated under reflux for 210 minutes.  A sludge formed which was filtered while still hot, 
and washed with water. The water washings were combined and cooled to 10oC to allow 
precipitation. The resultant precipitate was filtered, washed three times with water, after it 
was mixed with 100 mL toluene.  This mixture was cooled in an ice-bath and a 50 % 
aqueous NaOH solution was added slowly and with stirring until litmus confirmed a basic 
solution.  The white slurry that formed moved into the toluene layer.  The slurry was then 
separated, washed twice with water and the solid that formed was filtered off and dried 
the solid in a vacuum oven at 50 oC overnight.  In this way, of the 38.15 g solid treated by 
this method, 26.63 g (70.0%) was isolated as the 2-t-BH [25] isomer.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.1 1H-NMR spectrum for N-[(tert-butyl)amino](4-
methylphenyl)carboxamide [25] 
 
 
 
 
 
 
 
 
  
4.2.3 Preparation of [(1E)-2-(4-methylphenyl)-1-azavinyl](tert-butyl) 
amine [51]  from the aldehyde 
 
The experimental setup used for these syntheses consisted of a 100 mL three-
necked round-bottomed flask fitted with a Dean and Stark apparatus to which a 
reflux condenser was attached (Figure 4.2).   
 
 
 
 
 
 
 
 
 
 
  
 
 
Figure 4.2 Experimental setup for the preparation of [(1E)-2-(4-  
   methylphenyl)-1-azavinyl](tert-butyl)amine [51] 
 
The flask was charged with t-butylhydrazine.HCl [10] (4.94 g, 39.7 mmol), 50 mL ethyl 
acetate, 2.19 g of a 40% KOH solution (39.30 mmol) diluted with 5.45 mL water, and 4-
methylbenzaldehyde [14] (2.45 g, 20.4 mmol).  The burette section of the Dean and 
Stark apparatus was filled with 10 mL ethyl acetate to assist in the removal of water 
without removing too much of the solvent from the bulk of the reaction mixture before 
refluxing of the ethyl acetate begins.  The system was left to reflux between 65oC and 
68oC for approximately 4 hours during which time 6.96 g (7.0 mL) water was removed. 
 
The reaction mixture was transferred to a separating funnel, 100 mL water was added 
and the organic layer separated from the aqueous.  The organic layer was washed with 
3 x 25 mL ethyl acetate, the combined ethyl acetate layers were dried over magnesium 
sulfate.  The ethyl acetate was removed on a rotary evaporator leaving a white residual 
product.   
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The purity of the isolated product was determined by means of the area normalization 
method by GC-MS analysis177-179 and found to be 95.0% [50]. The product also 
contained 1.87% of the unreacted 4-methylbenzaldehyde [14]. This compound was 
identified by NMR spectroscopy as shown in Figure 4.3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.3 1H-NMR of [(1E)-2-(4-methylphenyl)-1-azavinyl] (tert-
butyl)amine [50] 
 
4.2.3 Synthesis of N-[N-(tert-butyl)phenylcarbonylamino](4-methylphenyl) 
carboxamide [5] using the standard chloride-chloride method  
 
A 100 mL round-bottomed flask was charged with n-butyl acetate (12.59 g,  108.52 
mmoles) and t-butylhydrazine.HCl [10] (7.34 g,  58.9 mmol in 21.4 mL deionized (D.I.) 
water), and the mixture allowed to stir at room temperature.  Sodium hydroxide solution 
(1.88 g, 46.9 mmol in 3.6 mL D.I. water) was then added in such a manner as to ensure 
that the temperature of the reaction mixture did not exceed 25oC.  To the resulting 
solution was added aqueous sodium hydrogen carbonate (0.41 g, 4.9 mmol) in 1.396 g 
D.I. water) as buffer.  4-Methylbenzoyl chloride [45] (3.03g, 19.6 mmoles) and a sodium 
hydroxide solution (1.57 g, 39.3 mmol in 3.14 mL D.I. water) were then added together in 
  
a dropwise manner.  An ice bath was used to help maintain the temperature between 
20oC and 25oC during this step.  The addition rates of these two liquids were adjusted so 
that approximately equimolar amounts of acid chloride and caustic were added at any 
one time throughout these additions.  The addition took about 20 minutes, after which the 
reaction temperature was increased to 45oC and stirred until all the acid chloride had 
reacted.  The crude N-[(tert-butyl)amino](4-methylphenyl) carboxamide [25] was 
analyzed by GC-MS to confirm the presence of N-[(tert-butyl)amino](4-methylphenyl 
carboxamide) [25], and the 2-t-BH isomer in the reaction mixture.   
 
The lower aqueous layer was removed and the organic layer washed twice with water.  
The organic layer was transferred to a clean round-bottomed flask to which was added 
NaHCO3 (0.38 g 4.6 mmol) and 1.36 g water.  The solution was stirred and heated until 
the reaction temperature reached 45oC.  Benzoyl chloride (3.30 g, 23.5 mmol) and a 
NaOH solution (1.71 g, 42.8 mmol in 3.4 mL water) were added dropwise whilst the 
reaction temperature was kept between 45oC and 50oC.  The addition rates were 
adjusted so that approximately equimolar amounts of benzoyl chloride and caustic were 
added throughout these additions.  This addition took approximately 15 minutes.  The 
reaction temperature was then increased to 70oC and stirred for a further 20 minutes.  A 
sample of the reaction mixture was analyzed by GC-MS to confirm the presence of the 
product N-[N-(tert-butyl)phenylcarbonylamino](4-methylphenyl) carboxamide [5]. 
 
Keeping the temperature at 70oC, the lower aqueous layer was removed and the organic 
layer washed with water.  The product was slowly crystallized by reducing the 
temperature.  When most of the product had crystallized out, the slurry was cooled to 
below 5oC and the product isolated by filtration.  The resulting powder was dried at 60oC 
under vacuum to give 4.38 g of product (84.4% with respect to t-butylhydrazine used; 
89.8% pure by normalised GC peak area method).  The H1-NMR is shown in Figure 4.4. 
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Figure 4.4 H1-NMR of N-[N-(tert-butyl)phenylcarbonylamino](4-
methylphenyl) carboxamide [5] 
4.3 Analytical methods 
4.3.1 Gas chromatography-mass spectrometry 
GC-MS spectrometry was used for the identification as well as quantification of reaction 
intermediates and products.  These analyses were performed on a Thermo Focus 
Flinnigan Quadrupole Gas Chromatograph coupled to a mass selective detector.  The 
GC was equipped with an RPX-5 capillary column (30 m x 0.25 mm i.d.). Data were 
acquired from the detector by means of Xcalibur software.   
The temperature program used for GC-MS analyses were as follows: 
Initial temperature set at 50oC with a 2 min hold time. The ramp was set at 10oC/min and 
increased at this rate to a final temperature of 270oC with a 5 min hold time. The inlet 
temperature was 280oC and the split flow set to 15 mL/min.  The carrier gas was helium 
set at a constant pressure (opposed to constant flow). The MS range selected 
encompassed compounds within the mass range 40.00 to 500.00 mass units. The total 
  
run time for most of the experiments was 35 min for BMBH samples and approximately 
20 min for intermediate samples. 
4.3.2 NMR Analysis 
H and C13 NMR spectra were recorded on a Brucker AX (300 MHz) spectrometer using X 
Win NMR software for data analysis. The sample was prepared by weighing of a 1 mg 
sample into a NMR tube containing 1 mL of CDCl3. 
4.3.3 Microwave-assisted syntheses 
Microwave-assisted reactions were carried out on a CEM Focused Microwave Synthesis 
system, model Discover.  Vials (10 mL) with septa were used for reactions at elevated 
temperatures and pressures.  The microwave was fitted with an infrared temperature 
control system.  The range of its power source was between 0 and 300 watts.  Its 
pressure control system was capable of handling pressures of between 0 and 300 psi.  
The microwave reactor was also fitted with a rotating magnetic plate.  Simultaneous 
cooling was achieved using nitrogen gas at a pressure of 20 psi and flow rate of 25 
L/min.   
 
The reactor vessel was charged with methyl 4-methylbenzoate, the base and t-
butylhydrazine.HCl either with or without a solvent.  The reactor vessel was sealed and 
placed in the microwave reactor, equipped with a pressure transducer. Reactor 
conditions and individual parameters for the microwave reactor were set for individual 
experiments and are discussed in the relevant sections.  
 
 
 
 
 
 
 
 
 
 
 
 
  
CHAPTER 5 
SUMMARY AND CONCLUDING REMARKS 
 
The work presented in this thesis is concerned with the evaluation of potential synthetic 
routes for the diacylhydrazine group of compounds, and particularly, unsymmetrical 
diacylhydrazines.  
 
Diacylhydrazines form the basis for a relatively new group of insecticides that have molt 
accelerating properties, and which are considered to offer substantial advantages over 
other insecticides used for the control of certain insects. As with any other insecticide, 
there exists the threat that certain insect species may develop resistance towards this 
new group of insecticides, and manufacturers have embarked on specific programs to 
extend the useful lifetime of this group of insecticides. Elements of these programs 
include rotation of this type of insecticide with another that has a different mode of action 
on a regular basis, and to develop and make available different diacylhydrazines to 
improve efficacy for different insect species, thereby reducing the potential of over-
application. 
 
The overall objective for this study is to evaluate different potential synthetic routes for a 
model diacylhydrazine with the view to define potentially scaleable routes. The 
compound selected for this study was the unsymmetrical diacylhydrazine, N-[N-(tert-
butyl)phenylcarbonylamino](4-methylphenyl)-carboxamide [5] since it offers the same 
range of challenges that would be expected for the synthesis of other similar 
unsymmetrical diacylhydrazines.  Thus, the synthesis of unsymmetrical diacylhydrazines 
require two reaction steps: The first step is the synthesis of the intermediate mono-
acylhydrazine, while the second step is the synthesis of the desired diacylhydrazine from 
the intermediate mono-acylhydrazine. 
 
The most important factor in the two-step reaction sequence is to obtain a high degree of 
selectivity for the desired mono-acylhydrazine isomer. For unsymmetrical-substituted 
hydrazines, substitution may occur on either of N1 (unsubstituted nitrogen) or N2 (the 
substituted nitrogen). While electronic and stereochemical influences of the substituent 
on the unsymmetrically-substituted hydrazine may be exploited to maximise selectivity to 
the desired mono-acylhydrazine, some substitution in the undesired position can always 
  
be expected and manipulation of reaction conditions and reagents will be required to 
minimize the formation of the “wrong” isomer. 
 
In this work, the focus has been to evaluate the effect of different acylating agents on 
especially the formation of the mono-acylhydrazine. For the purpose of this investigation, 
two potential routes, namely: 
(A) The acylation of tert-butylhydrazine.HCl [10] by various acylating agents; and  
(B) Via the hydrazono-de-oxo-bisubstitution of 4-methylbenzaldehyde [14] by tert-
butylhydrazine.HCl [10]; 
was investigated in some detail with the view to identify the route with the highest 
potential for high selectivity to the desired N-[(tert-butyl)amino](4-
methylphenyl)carboxamide [25]. A specific effort has been made to identify the 
byproducts resulting from the different synthetic approaches evaluated so as to be able 
to evaluate the potential technical feasibility of each approach more carefully. No attempt 
was made to fully optimize any of the synthetic strategies followed. 
 
The results of the acylation route show that tert-butylhydrazine can be successfully 
acylated with a variety of acylating agents, albeit with differing selectivities and with 
differing energy requirements.  
 
Acylation using 4-methylbenzoyl chloride [45] can produce the desired product N-[(tert-
butyl)amino](4-methylphenyl)carboxamide [25] in yields above 90%, but this reaction 
produces a variety of by-products, including the “wrong” isomer (N-amino-N-(tert-
butyl)(4-methylphenyl)carboximide [26]). Unexpected byproducts for this particular 
acylation reaction, not previously reported in the literature have also been identified 
during this investigation.  This includes a de-butylated diacylhydrazine, (4-methylphenyl)-
N-[(4-methylphenyl)carbonylamino]carboxamide [46]. While it is not quite clear how this 
byproduct results, the observation that an equivalently de-butylated mono-acylhydrazine 
was never detected during the investigation suggests that the de-butylation most 
probably results from the corresponding diacylhydrazine. 
 
Acylation of the hydrochloride salt of tert-butylhydrazine [10] using benzoic acid under 
normal laboratory conditions (using conventional heating techniques) provided (not 
surprisingly) very poor results. However, some experiments using a microwave reactor 
system under essentially solventless conditions gave promising results (~35% of N-[(tert-
butyl)amino](4-methylphenyl)carboxamide [25]). Unfortunately instrumental problems 
with the microwave reactor precluded a more detailed investigation of this potential route 
  
which is certainly worth further investigation. Of particular interest would the the inclusion 
of catalysts capable of “activating” the benzoic acid under solventless conditions.  
 
From a selectivity point of view, acylation of the hydrochloride salt of tert-butylhydrazine 
using methyl 4-methylbenzoate [15] as acylating agent provided exceptional selectivity to 
the desired product [25], but at the cost of significantly higher energy requirements. The 
use of microwave irradiation can, however, significantly reduce these energy 
requirements as the reaction times required to reach near quantitative yields of the 
desired product is significantly reduced under microwave conditions. The only byproduct 
of some concern is the formation of free benzoic acid due to the hydrolysis of either the 
methyl benzoate [16], or the reaction product.  
 
Although the reaction between tert-butylhydrazine [10] and 4-methylbenzaldehyde [14] is 
very selective giving near quantitative yields of the desired hydrazone [50], the 
subsequent conversion of the hydrazone into the desired mono-acylhydrazine [25] is 
problematic. The most promising route appears via bromination to form the hydrazidic 
bromide, followed by hydrolysis of the hydrazidic bromide. Yields for the bromination 
reaction during this investigation were somewhat higher than that reported previously in 
literature. Hydrolysis of the hydrazidc bromide [51], apparently also results in the 
hydrolysis of the reaction product to give an ester of the free acid (when an ester solvent 
is used). Attempts to oxidize the hydrazone directly using peracetic acids gave poor 
results and, apart from safety concerns with these oxidation reactions, gave a variety of 
byproducts. 
 
The synthesis of N-[N-(tert-butyl)phenylcarbonylamino](4-methyl phenyl)carboxamide [5] 
was only briefly considered to evaluate essentially two approaches, namely: 
• The conversion of the monoacylhydrazine, N-[(tert-butyl)amino](4-methylphenyl)-
carboxamide [25], by acylating with either benzoyl chloride or methylbenzoate; 
and 
• The one-pot conversion of the hydrazone, [(1E)-2-(4-methylphenyl)-1-
azavinyl](tert-butyl)amine [50], by bromination/hydrolysis and acylation. In this 
case, benzoyl chloride, benzoic acid was evaluated as potential-acylating agents. 
 
The reason for this is that the conversion of mono-acylhydazines to the corresponding 
1,2-diacylhydrazines are far less problematic from a selectivity point of view since the 
further acylation of 1,2-diacylhydrazines are generally difficult as the remaining NH 
groups are only weakly nucleophilic. 
  
 
The results obtained suggests that the normal acylation reaction (of N-[(tert-
butyl)amino](4-methylphenyl)carboxamide [25] to N-[N-(tert-butyl)phenylcarbonyl-
amino](4-methyl phenyl)carboxamide [5] is best carried out using benzoyl chloride [12] 
as the acylating agent. Reactions using methylbenzoate [16] as potential acylating agent 
were unsuccessful, probably as a result of stereochemical hindrance on N2. 
 
The conversion of hydrazone, [(1E)-2-(4-methylphenyl)-1-azavinyl](tert-butyl)amine [50], 
by bromination/hydrolysis and acylation by either benzoyl chloride [12] or benzoic acid  
[13] was shown to be feasible and unoptimized reactions gave the desired product in 
yields above 80%. In the case of benzoic acid [13] as acylating agent, it is believed that 
the actual acylating agent is benzoyl bromide, formed in situ from the benzoic acid [13]. 
The latter was confirmed by carrying out the said transformation using sodium benzoate 
as acylating agent. 
 
In conclusion, the results obtained during this investigation for the synthesis of the 
unsymmetrical mono-acylhydrazine [25], where the initial substitution on the 
unsubstituted nitrogen is favoured over substitution on the substituted nitrogen due to 
stereochemical factors, strongly suggests that the acylation of the substituted hydrazine 
should be carried out by using an ester as acylating agent. The outcome of these 
reactions can be further improved by using microwave irradiation instead of normal 
heating methods. For the second acylation step, a reactive acylating agent such as a 
benzoyl chloride or anhydride would probably offer the best opportunity for technical 
production. 
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